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In 1929 and 1930 we made a series of parallel chemical and his- 
tological tests for the metallic calcium content of human aortas. 
Experience soon taught us that single samples from the aortas of 
young persons gave uniform analyses and were satisfactory both for 
chemical and for microchemical examination, but that aortas from 
persons over 40 years of age, those that had undergone sclerotic 
changes, varied greatly from area to area so that no single sample 
was representative of the whole. We then took three samples from 
each aorta and arbitrarily chose segments from the arch, the thoracic 
portion and the abdominal portion. The chemical work and the 
histological examinations were done in separate laboratory depart- 
ments and almost 50 aortas had been examined before comparisons 
were attempted. The results appeared to be beyond interpretation 
and the work was temporarily abandoned. 

After reading Wells’! discussion of calcification of the aorta in 
Cowdry’s “Arteriosclerosis,” in which he said that “no one appears 
to have tried to correlate the chemical calcium content and the 
microscopic findings in the same aortas,” we resumed the work. 


* Presented at the annual meeting of the American Association of Pathologists 
and Bacteriologists at Toronto, Canada, March 29, 1934. 
Received for publication November 15, 1935. 
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NATURE OF THE MATERIALS EXAMINED 


The series included 52 aortas from persons varying in age from 
2 months to 78 years. At autopsy the thoracic and abdominal vis- 
cera were removed, including the heart which was severed from the 
aorta just above the aortic valve cusps. The inominate, left carotid, 
left subclavian and iliac branches were then ligated and cut off with 
very short stumps. The aorta was opened longitudinally and a gross 
description made. The vessel was then removed and all fat and 
adventitial adhesions stripped away to the media. Chemical sam- 
ples, 10 gm. when available, and pieces for microscopic study were 
then taken respectively from the arch, the thoracic and the abdomi- 
nal portions, as already stated. 


CHEMICAL EXAMINATION 


The calcium of the aorta was estimated by the method of Corley 
and Denis.? All samples for analysis were weighed with an error of 
not more than o.5 per cent before appreciable evaporation had taken 
place. The opened aorta was flattened and the samples were then 
taken from about the sites of the histological specimens, as nearly 
as possible, equally from above and below these points. 

The use of fresh material rather than the dried residue as a basis 
for the analysis simplified the procedure. At the same time it 
yielded figures that are more reasonably to be compared with mi- 
croscopic findings since it avoids any concern with the relative rates 
of deposition of calcium and other tissue constituents. 

The samples were placed in the tubes with the sodium hydroxide, 
sealed with tin-foil and saved until a sufficient number had been 
accumulated before heating under pressure. Corley and Denis 
recommend grinding the tissue. The omission of this step in no way 
changed the character of the solution. The tissue was completely 
disintegrated. 

After digestion the solutions were acidified, diluted to a known 
volume and filtered through Jena fritted glass filters, thereby avoid- 
ing contamination from filter paper. In many instances there were 
stones present in the digestion tubes. These were dissolved and 
added to the solutions before filtration. 

Duplicate aliquots of the filtered solutions were precipitated with 
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oxalate for the actual calcium determination and the procedure fol- 
lowed exactly as described. Blank determinations were made at 
intervals and were uniformly found to be too small to be significant. 
They were neglected in the calculation. The results were stated in 
mg. per cent of fresh tissue. 

Numerous determinations of the composition of the calcifications 
have been made and are recorded in the literature. The minerals 
are deposited in proportions similar to those found in bone. Schén- 
heimer * has recently made such a comparison. For our purpose the 
estimation of the calcium alone sufficed. The significance of the 
phosphorus determination would be complicated by the presence 
of varying and often large quantities of phosphatides. 


HISTOLOGICAL TECHNIQUE 


Six pieces were taken from each aorta, duplicate pieces from each 
of the three segments being fixed in Zenker’s fluid containing 5 per 
cent acetic acid and in 10 per cent neutral formalin. 

The Zenker material was embedded in paraffin and cut in the 
usual way. The sections were stained with Mallory’s phloxine- 
methylene blue stain, Weigert’s elastic stain and Mallory’s phospho- 
tungstic acid hematoxylin. Zenker-fixed tissues were preferable for 
inflammatory changes and degenerations but were useless for esti- 
mating calcium content because the acetic acid removed the alka- 
line staining substances. 

These stains were useful in comparing the sections with others 
removed at autopsy over a period of years. We had sometimes 
made the mistake of calling blue stained materials calcium but 
this practice was found to be in error, save in the instances of heavy 
calcium plates and areas of true bony metaplasia. None of them is 
a stain for calcium. 

Formalin-fixed material * was cut with the freezing microtome 
and was examined both for fatty changes and for calcium contents 
with Sudan III and hematoxylin, and for calcium deposits with 


* Formalin was neutralized with magnesium oxide for the general routine. Com- 
parative tests were made by fixing pieces of infant’s aorta after the routine method 
and in formalin kept over calcium carbonate. The specimens were washed in distilled 
water and stained with alizarin. Both sets were negative for absorbed calcium. After 
several months the amount of stainable calcium in atheromatous aortas kept in formalin 
was greatly decreased. Formalin becomes acid on standing and we interpreted the 
decrease as an evidence of acid decalcification. 
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Roehl’s hematoxylin, von Kossa’s silver method and Cameron’s 
alizarin stain. All calcium stains were made in duplicate to exclude 
artifacts and extraneous precipitates and were mounted in glycerine 
jelly. 

The Sudan III and hematoxylin stain was used to show, when 
possible, the relation between the various fatty changes as mani- 
fested by red or orange stained fat granules, crystals and globules, 
and the metallic salt deposits which included calcium. Macallum‘ in 
1897, and later Wells® and Cameron,® showed that hematoxylin is 
not a specific stain for calcium but that it stains iron and chromium 
salts as well. While almost any of the alkaline salts may take the 
blue stain, iron is the most important of the group that may be mis- 
taken for calcium. 

In spite of the study of a great many preparations, we were un- 
able to establish a consistent relation between the types of fatty 
change and the location of the metallic deposits. A few instances 
were seen where blue amorphous deposits were interspersed with 
fatty granules or globules. Other areas were found where large 
calcified plaques were surrounded by visible fat. Yet it was far 
from uncommon to find cysts with fat contents in which no calcium 
salts were stained and calcium and iron salt deposits with nothing 
in the way of visible fat. 

Roehl’s Hematoxylin Stain for Calcium*: This method has been 
recommended for the removal of the iron deposits, leaving calcium 
and one or two less important salts to be stained. 

Frozen sections were washed thoroughly in distilled water, trans- 
ferred to a 3 per cent solution of oxalic acid for } hour, washed and 
stained for about 1 hour in a ripened (3 months old) solution of 
hematoxylin in 50 per cent alcohol, and mounted in glycerine jelly. 

We had little success with this method. The calcium plaques 
stained rather lightly. Some of the segments that gave high 
calcium values by chemical analysis were entirely negative in the 
stained sections. It was useful in showing that the salts which 
could be demonstrated occupied the same sites as the salts dem- 
onstrated with alum hematoxylin and von Kossa’s stain. 

Von Kossa’s Silver Stain: This stain formerly was used as the 
routine method for the demonstration of calcium salts. Many modi- 
fications have been recommended and we tried several of them. Our 
best results were obtained in the following way: 
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Frozen sections were washed in distilled water and transferred to 
freshly prepared 10 per cent silver nitrate in open dishes. They were 
then placed in direct sunlight, out of doors and without the inter- 
position of window glass for from 3 to 1 hour, depending on the sea- 
son of the year. They were then washed in distilled water for at 
least } hour and counterstained lightly in phloxine and mounted in 
glycerine jelly. In the wintertime we exposed the section to an arc 
light instead of the sun, but the reaction was less intense. 

Cameron ° tested the action of silver nitrate on various salts in 
gelatin and reported that von Kossa’s stain blackened calcium 
phosphates, carbonate, oxalate and oleate, also the salts of barium, 
strontium (ferric) iron, copper and magnesium. 

Of all methods tested by us the von Kossa stain was, in spite of 
its non-specific action, the best index of the amount of calcium to 
be obtained by chemical analysis. 

Alizarin: The amounts of calcium brought out with alizarin were 
relatively small and there was constantly a discrepancy between the 
amounts of stained calcium and that found by quantitative chemical 
analysis. When present the reactions were distinct and clear-cut. 

By a series of experiments in which known quantities of salts were 
injected, Cameron ° concluded that alizarin is differential for calcium 
with the exception of strontium, and that only freshly deposited 
salts of these metals are brought out in tissues. 

Microscopic incineration was applied to several frozen sections 
and specimens were obtained that showed the location of the salts 
in the arterial walls. The test is not differential and discloses no 
more than von Kossa’s stain. 

Summary of Technical Methods: None of the methods shows all 
of the calcium salts present. Von Kossa’s silver method most nearly 
paralleled the chemical analyses, in spite of the fact that it brings 
out ferric and other salts as well as calcium. Both Roehl’s hematoxy- 
lin and alizarin fell far short of indicating the amount of calcium 
actually present. 


COMPARISON OF CHEMICAL AND MICROCHEMICAL RESULTS 


For the purpose of comparing the amounts of calcium found 
chemically with the amounts that could be shown by microchemical 
means in the various types of arteriosclerosis of the aorta, a protocol 
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was prepared for each case. These data included the name, age, 
color and sex of the patient, the clinical diagnosis, the serological 
reactions with reference to lues, and in parallel columns the diagno- 
sis for each type of aortic lesion, the relative amounts of calcium 
shown in the sections, and the number of milligrams of metallic 
calcium per 100 gm. of wet aorta, found chemically, for each re- 
spective segment of each aorta. Seven apparently normal aortas 
from young persons gave an average of 22.8 mg. of calcium per 100 
gm. of wet aorta. 

The first step was to adopt a satisfactory nomenclature to be 
applied uniformly throughout the series. 


NOMENCLATURE 


For some years it has been our practice to use Klotz’ ’ classifica- 
tion of arteriosclerosis. However, Klotz’ classification was devised 
for general arteriosclerosis and does not provide for some of the 
differentiations that seemed to us to be of advantage in our work. 
With only the lesions of the aorta in mind we adopted a descriptive 
terminology of our own as given below. 


Aortic Arteriosclerosis 


(A) Intimal lesions (1) Fatty streaking 
(2) Nodular thickening (without cysts) 
(3) Atheroma (a) Grumous cysts 
(b) Crystalline cysts 
(c) Ulcerated cysts 
(4) Visible calcification 
(a) Diffuse 
(b) Scaly plaques 
(c) Heavy plates 
(B) Medial lesions (1) Fatty changes 
(2) Cystic degeneration 
(3) Calcification (a) Diffuse 
(b) Plaque formation 
(C) Combined intimal and medial sclerosis 
(D) Aortitis (2) Exudative | { Acute 
(b) Degenerative} Rheumatic 
(c) Proliferative | —_{ Luetic 
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(A) Intimal Lesions 


Fatty streaking was applied to the superficial intimal yellowish 
discolorations where the microscopic picture showed the fat to be 
intracellular or in pockets where the foam cell partitions had dis- 
appeared: six segments showing fatty streaking in persons under 
40 years of age gave an average of 77.2 mg. of calcium and were all 
negative to calcium stains. 

Nodular thickenings included the intimal nodular proliferations 
prior to cyst formation: ten segments averaged 168 mg. 

Atheroma was used in the original sense of Haller (Klotz*) and 
limited to cystic changes in the intima. We included all cystic 
changes from early liquefaction necrosis to the typical cysts filled 
with “free fats, lipoids and cholesterol compounds.” Some of the 
contents were amorphous or grumous, while others were crystalline 
and contained varying amounts of stainable calcium: fifteen seg- 
ments averaged 298 mg. 

Visible calcification of the intima was manifested in several degrees 
of intensity. Calcium occurred in diffuse granules in intimal nodules; 
in the form of very fine superficial scales just beneath the intimal sur- 
face; as definite plaques of varying size and thickness, some of which 
were firmly fixed while others were ulcerated; and as actual heavy 


plates which tore the tissues on removal and which occasionally had 
a supporting structure of metaplastic bone. 

Owing to the way in which the samples were collected it was not 
possible to separate the intimal calcification histologically from the 
medial lesions. None of the segments could be interpreted as fairly 
representing an entire aorta. 


(B) Medial Lesions 


Changes in the aortas were rarely limited to the media, although 
instances were found where the medial lesions were predominant at 
the levels examined: thirteen such segments averaged 345 mg. of 
calcium and all gave positive silver stains. 

The earliest changes observed were brought out by the positive 
Sudan III staining of the smooth muscle cells. Calcium granules 
were sometimes found in these degenerated muscle cells and sticking 
to the elastic fibrils between them. 
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Cysts were found in the medias of some aortas unassociated with 
those in the intima. Their contents varied from grumous to crystal- 
line: eight segments showing ulcerated crystalline cysts averaged 
770 mg. of calcium. 

Calcium salts in stainable forms were manifested in three degrees 
of intensity: as sparsely distributed granules clinging to the elastic 
tissue fibrils; as bands varying in width from narrow streaks lying 
just beneath the internal elastic lamina to broad, dense, unbroken 
zones involving more than half of the medial thickness; and as con- 
centrated masses in plaque form. 


(C) Combined Intimal and Medial Plates 


In the more advanced examples of arteriosclerosis practically 
every aorta presented combinations of any or all of the lesions men- 
tioned above, and they were rarely limited sharply to the intimal 
or medial layers but extended from one to the other. Separate 
lesions of the intima and media were sometimes found near each 
other, but without apparent relation. Thirteen segments containing 
combined intimal and medial plates averaged 1009 mg. of calcium. 


(D) Aortitis 


Several examples of aortitis were encountered: these varied from 
acute leukocytic exudates in the intima, as seen in a case of septi- 
cemia, to widespread degenerations of the muscle cells and elastic 
tissue accompanied by proliferation of connective tissue and vascular 
invasions from the adventitia. The latter were examples of luetic 
and rheumatic aortitis. In all cases in this group there was consider- 
able overlapping of exudative, degenerative and proliferative proc- 
esses. Three of the cases presented numerous calcium plates in ad- 
dition to aortitis. One such segment reached 957 mg. of calcium. As 
a rule the examples of aortitis gave lower calcium values than the 
average for the age group in which they occurred. The average 
calcium value for 10 cases of aortitis was 337 mg. 

The calcium content in relation to types of lesions as shown above 
was inconsistent. Not only did similar lesions vary in the amounts 
recovered chemically but there were wide variations between similar 
lesions from patients of different ages and in the segments from vari- 
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ous levels of the same aorta. Since the results seemed to depend 
largely on the ages of the patients, we tabulated the amounts ob- 
tained chemically according to decades into eight groups. 


Group I. CHILDREN UNDER 10 YEARS OF AGE 


The first group included 6 aortas from children under the age of 
10 years (Table I). Microchemical methods failed to demonstrate 
calcium in any aortas of this group. Three were grossly and mi- 
croscopically negative. A fourth presented simple fatty streaking. 
Two were thickened and inelastic. The outstanding one of the 
group was from a child with rickets which yielded 114 mg. of cal- 
cium by chemical analysis. 


TABLE I 


Group I. Birth to 10 Years 


Autopsy No. Color — Gross examination Cause of death 


mg. 
35.0 | Degenerative aortitis | Congenital lues 
37.0 | Fatty streaks Hydrocephalus 
12.5 | Negative Acute infection 

114.0 | Thickeningin gross | Rickets and diphtheria 
25.0 | Negative Polyglandular dystrophy 
16.3 | Negative Auto accident 


A-29-85 
A-29-89 
A-29-90 
A-29-I101 
A-30-20 
A-30-27 


40 = Average of 6 — Birth to 10 years 
* The figures in this column represent metallic calcium in mg. per 100 gm. of wet aorta. 


Groups II anD III. 11 TO 21 YEARS, AND 21 TO 30 YEARS 


Groups II and III included 3 cases between the ages of 10 and 20 
years, and 3 between 20 and 30. As shown in the tables, 4 aortas 
were negative in the gross and 2 presented simple fatty streaking. 
No calcium was shown by microchemical methods in any of them. 
With the exception of the 25 year old patient with chronic tuber- 
culosis, the calcium content was fairly uniform. 


Group IV. 31 T0 40 YEARS 


In this group there were 8 aortas that presented a variety of path- 
ological changes. Three showed nothing more in the gross than fatty 
intimal streaking. In these the microchemical tests were negative 


id 
5 mo. | F 
Iyr. | M 
1yr. | M 
2mo. | F 
19 mo. | F P 
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and an average for all nine segments gave a chemical analysis of 
95 mg. of metallic calcium. Two presented nodular intimal thicken- 
ings which were negative to all microchemical tests except silver, 
the silver reaction being brown rather than black. Three presented 
very definite aortitis, and of these 2 were characteristic of lues. The 
aorta from case A-29-86 was dilated and thickened in the first por- 
tion. Microscopically the elastic and muscular layers were re- 
placed by connective tissue. The microchemical reactions were 


TABLE II 
Group II. 11 to 20 Years 


Autopsy No. Color| Arch * ae, eu -_ 7 Cause of death 


mg. mg. mg. mg. 
A-29-72 25.6] .. a? 25.6| Negative | Tuberculosis 
A-29-80 o> | 28.7| Negative | Endocarditis 
A-29-100 14.0| Negative | Paratyphoid fever 


22.8 = Average of 3 — 11 to 20 years 


TABLE III 
Group III. 21 to 30 Years 


Thor- |Abdom-} Aver- Gross cb 


Autopsy No. acic * | inal * | age * examination 


mg. mg. mg. 
A-29-89 .o | 40.0 | 29.0 | 37.3 | Negative Pneumonia 
A-29-102 .© | 56.0 | 50.0 | 58.3 | Fatty streaks | Septicemia 
A-30-12 .© | 60.0 | 72.0 | 64.6 | Fatty streaks | Tuberculosis 


53-4 = Average of 3 — 21 to 30 years 
* The figures in this column represent metallic calcium in mg. per 100 gm. of wet aorta. 


negative and the metallic calcium low. In the thoracic segment two 
processes were found—aortitis and cystic atheroma. Microscopi- 
cally the cysts were filled with crystalline material and calcium 
granules. The von Kossa stain brought out a moderately heavy 
granular deposit in the media. The calcium content by chemical 
analysis, 853 mg., appeared to be out of proportion and greatly 
in excess of the other changes (see Table IV). In this age group 
the thoracic segments gave the highest calcium values. 
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Group V. 41 TO 50 YEARS 


Seven of the 11 cases in this group had an average age of 42 years 
and an average calcium content by analysis of 214 mg. They pre- 
sented little contrast in calcium content from segment to segment 
(see Table V). In the remaining 4 cases the mean age was 48 years 
and the average calcium content 270 mg. Microchemically calcium 
was demonstrated in the aortas from cases A-29-74, A-29-103, 
A-30-2, A-30-24 and A-30-37. In case A-29-96, where the picture 
was that of luetic aortitis and the average calcium content was 374 
mg., no calcium was shown microchemically by any method. This 
apparently inconsistent result indicates that the quantity of calcium 
present is independent of its visibility. In this group the highest 
calcium values were in the abdominal segments. 


Group VI. 51 TO 60 YEARS 


All of the aortas in this group presented arteriosclerotic changes 
and calcium was stained in all except cases A-29~-76 and A-30-6. 
The amounts of calcium obtained varied more widely than in any 
other age group. The lowest amount was recovered from case 
A-29-76, where the average for the three segments was 153.6 mg. 
This patient was a man 50 years of age with typical luetic aortitis, 
who died from a cerebral hemorrhage. Three cases A-29-97, 
A-29-106 and A-30-8 presented widespread combined lesions in- 
cluding atheromatous cysts, diffuse medial calcification and isolated 
calcium plaques or plates. All averaged over 1100 mg. of metallic 
calcium. In the first sections the abdominal segment from case 
A-30-8 showed 2312 mg. of calcium and only atheromatous cysts 
with granular calcium and crystalline material. As it was the only 
instance of excessively high calcium without plates, the original 
formalin-fixed material was re-examined and definite plates found. 
Two of the 10 cases were 60 years of age and barely escaped the 61 
to 70 year group. These cases averaged well over 1100 mg. of cal- 
cium. In this group the highest average calcium content was found 
in the abdominal segment. 


Group VII. 61 TO 70 YEARS, 1 CASE 78 YEARS OF AGE 


The calcium content of the respective aortas in this group was 
higher than in the group between 51 and 60 years of age, but the 
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total average was not as high because there were 3 aortas with un- 
usually high calcium content in Group VI. Practically all of the 
segments presented combined atheromatous cysts and diffuse medial 
disease with plaques and plates. All of the aortas contained stain- 
able calcium. Again, the heaviest calcium deposits were found in the 
abdominal segments just above the bifurcation. 

There was 1 aorta from a patient over 70 years of age in the 
series. It presented advanced arteriosclerosis with both intimal 
and medial changes and is tabulated in Group VII. 


DIscussIoN 


A summary of the results by decades is shown in Table VIII. 
It is apparent that changes occur in the aortas during the course 
of life which lead to an accumulation of calcium, the total amounts 
of which exceed that of the bodily tissues generally. The affinity 
of the tissues of the aorta in advanced years for calcium is greater 
than that of the circulating blood. 

A number of theories have been suggested to explain this excess 
of calcium. None has been altogether satisfactory, but since there 
are so many and varied histological changes in the vessel it is prob- 
able that multiple factors are responsible. Wells » ° called attention 
to the fact that living and dead colloids behave similarly; fresh gels 
contain much water and, as age increases, the capacity to retain it 
decreases and eventually the gel becomes granular. The elastin in 
the aortic walls very likely behaves in this way, and he further 
compared the process to the gradual hardening of rubber tubing. He 
cited hyaline cartilage as another example of a colloid that loses 
its elasticity and takes up calcium. Gazert !° reported that sclerosis 
and calcium increased as the proportion of nitrogen decreased. 
Klotz" explained the increase in calcium in atheromatous cysts as 
a calcium replacement of soluble salts in the soaps formed during 
the degeneration of fatty substances. Wells,’ Schénheimer,’ 
and others, have raised many objections to Klotz’ views. It is 
certain that we recovered large amounts of masked calcium and 
demonstrated calcium deposits in the aortas of our series where no 
previous fatty changes could be brought out. 

Whatever the nature of the calcification process of aortas, the 
ratio of calcium phosphate to calcium carbonate appears to be 
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similar to that of bone. This has been shown by Barillé,” in 1910, 
and by Schénheimer,’ in 1928. The generally accepted ratio is 
given as calcium phosphate 88 to go per cent, carbonate 10 to 12 
per cent, and magnesium salt 1 to 1.5 per cent. 


Calcium Content According to Type of Lesion 


The results of our efforts to correlate the calcium recovered chem- 
ically with the types of lesion were unsatisfactory. It was soon ap- 
parent that moderate intimal lesions existed without an increase 

TaBLeE VIII 
Average Calcium Content by Decades per 100 gm. of Wet Aoria 


No. positive 
No. cases 
High t Low ft 


mg. mg. 
114.0 12.5 
28.7 14.0 
64.6 37-3 
358.0 81.0 
492.0 68.0 
1180.0 153-6 
1164.0 289.0 
998.0 998.0 998.0 


t The high and low calcium columns show the high and fow calcium contents obtained by averag 
three segments from the same aorta, not the amount found in the highest or lowest segment abel te 
average in the last column represents all of the aortas for each age group. 
in calcium, chemically, and that concentrated deposits in the nature 
of plaques and plates gave the highest amounts. Of eleven examples 
of luetic aortitis only two contained an excess of calcium, while the 
average content was lower than that for the age group in which it 
occurred. 

We realized that there are additional factors responsible for our 
failure to obtain comparable figures for similar lesions. Some of 
these factors we know are beyond our control while others we think 
may be brought out by more carefully controlled data and these will 


be discussed in a later paper. 


CONCLUSIONS 


Fifty-two aortas from patients between the ages of 2 months and 
78 years were analyzed chemically for metallic calcium and the 
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results compared with the microchemical tests for calcium salts 
on the same aortas with the conclusion that: 

(1) None of the microchemical tests recommended for visible 
calcium gives more than a vague idea of the amount that can be re- 
covered from the same aorta chemically. Von Kossa’s silver method 
is not a specific stain for calcium, but it is the most satisfactory 
microscopic indicator of the comparative amounts of calcium de- 
posited in sclerotic lesions. 

(2) Calcium deposits were brought out microchemically in only 1 
of 20 aortas from cases under 40 years of age, in 75 per cent of 
aortas from cases over 40 years of age, and in 100 per cent of those 
over 60 years. 

(3) As age advances there is a consistent increase in the calcium 
content of aortas in excess of that of the bodily tissues generally. 

(4) Mild intimal lesions may occur without increased calcium 
by chemical analysis. 

(5) When the segments of all aortas from cases over 40 years of 
age are averaged, the heaviest calcium deposits are found in the 
abdominal portions. 

(6) In advanced aortic arteriosclerosis there is constantly found 
to be an overlapping of “‘type lesions,”’ such as atheromatous cysts, 
diffuse medial calcification and plaque deposits. In this of all groups 
of lesions, the greatest inconsistencies between chemical and micro- 
scopic results occur. 

(7) In very advanced sclerotic lesions, characterized by heavy 
plate-like calcium deposits, the chemical analyses yield the highest 
calcium values and the amounts are most nearly consistent, when 
any 2 given sclerotic aortas are compared. 

(8) If the results obtained by chemical analysis are to be corre- 
lated with calcium, which can be shown microscopically in sclerotic 
aortas, additional knowledge is required. 
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THE CALCIUM CONTENT OF ARTERIOSCLEROTIC AORTAS * 
SERIES II 


SAMUEL R. HayTHorn, M.D., AND Frep A. Taytor, Px.D. 


(From the William H. Singer Memorial Research Laboratory of the Allegheny General 
Hospital, Pittsburgh, Pa.) 


In the report! of our first series of parallel chemical and micro- 
scopic examinations for calcium in the aortas of 52 human cases 
we showed that there is a gradual increase in the calcium content 
by decades and that after the age of 40 years the calcium deposits 
are unequally distributed along the vessel. As stated in our previous 
report, when no gross or microscopic evidences of calcification were 
present the chemical analyses were constant within reasonable 
limits for aortas of similar ages, but when sclerosis was present 
samples taken from two or more levels of the same aorta varied 
widely in the amounts of calcium recovered. Well developed and 
easily stained calcium plaques regularly gave high calcium values 
which were comparatively constant. The intermediate groups (a) of 
diffuse medial sclerosis and (6) of atheromatous cysts yielded such 
wide variations chemically that we were unable to correlate our 
results with the data at hand. It was in an effort to interpret the 
lesions in the latter two groups that we determined to make addi- 
tional studies. 

Since calcification of the media seems to be related primarily to 
changes in the elastic tissue, while the deposit of calcium in ather- 
omatous cysts follows necrosis and fatty changes beginning in the 
intima, we are discussing them under separate headings. 


MEDIAL CALCIFICATION 


The evidence derived from previous studies indicates that medial 
calcification is associated with the effects of age on the elastic tissue 
elements. The aorta belongs to the group of elastic arteries and has 
a proportion of elastic tissue equal to, or greater than, the amount 
of smooth muscle present (Klotz). The elastic layers alternate 
with the muscle layers and are bound to each other by connecting 


* Received for publication November 15, 1935. 
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bridges so that compact expansile walls are formed. Wells* states 
that elastin, the characteristic substance of elastic tissue, is a gel 
and discusses its probable chemical nature. It appears to resemble 
other gels in its physical behavior and to lose water with age. He 
quoted Selig who reported on the elastin content of normal and 
sclerotic arteries. Elastin decreased from 46-48.17 per cent in 
normal aortas to 10.76 per cent in the most atheromatous, while 
the fatty matter increased from 3.66—4 per cent to 14.58 per cent, 
respectively, in the same group of vessels. Wells likened the loss of 
elasticity of the aorta to the hardening of old rubber tubing, and the 
deposit of calcium in the elastic layers to the calcification of cartilage 
in the formation of bone. 

We made no analyses for elastin but three of our observations 
seemed to support the theory that medial calcification depends on 
the state of the elastic tissue fibrils. (a) The earliest visible evidence 
of calcium in the media appeared in the form of alizarin stained 
granules resting on the elastic fibrils where no fatty changes were 
observed in the intervening smooth muscle. (6) Early fatty changes, 
brought out by Sudan III, were seen in strands of smooth muscle 
in several specimens where no stainable calcium was found. This 
seemed to show that the two processes could go on independently. 
(c) In a series of aortas in which a great deal of elastic tissue had been 
destroyed, owing to luetic aortitis, the arteries were generally lower 
in chemical calcium values than uncomplicated sclerotic aortas in 
similar age groups. We interpreted the relatively low calcium con- 
tent to the loss of elastin. 

It is generally recognized that every aorta contains more calcium 
by analysis than can be shown by staining methods, yet it seemed to 
us that if the process consisted in the simple taking up of calcium 
salts by a colloid substance, the width of the stainable medial band 
should indicate in a general way how much calcium could be re- 
covered chemically. By striking an average of the analytical results 
for a series of aortas in which the most obvious lesion was that of 
medial calcification, and using the average as a basis for comparison, 
we found that certain members of the group fell below the expected 
amount and others exceeded it considerably. Occasionally one seg- 
ment of a given aorta was found to contain calcium out of propor- 
tion to its other fractions. Making all allowances for the non- 
specific nature of von Kossa’s stain, it helped, in a measure, to 
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explain the chemical variations. The amounts brought out by the 
stain varied from a few granular deposits to solid black bands ex- 
tending through at least half of the medial coat. Sections from 
three levels of the same aorta showed that the width of the bands 
regularly varied from level to level and therefore chemical varia- 
tions within certain limits were to be expected. 

In addition to medial calcification we found that allowances had 
to be made for complicating atheromatous cysts. In Series I no 
allowance was made for such cysts unless one of them occurred in the 
section under examination. In Series II the whole segment was 
surveyed for atheromatous changes and there was not a single 
example found of diffuse medial calcification which was not compli- 
cated by atheroma. In view of the facts we believe the following 
conclusion is justified: In trying to correlate the results of micro- 
scopic and chemical examinations of aortas having medial calcifica- 
tion as their chief lesion, allowances have to be made both for vari- 
ations in the width of the medial calcium band and for possible 
atheromatous cysts somewhere in the segment. 


CaAtcruM DEPOSITS IN ATHEROMATOUS CYSTS 


Calcium is increased in both visible and masked forms in ather- 
omatous cysts. According to Ophiils* the essential steps in the 
pathogenesis of an atheromatous cyst are as follows: (1) Fatty 
changes occur which are at first confined to the intima. Later the 
muscle cells of the upper part of the media become involved, and 
still later the cells disintegrate and permit a part of the contents in 
the form of fat droplets to be dispersed throughout the interstitial 
tissues. (2) Dense fibrous tissue develops in the intima over the 
primary lesion and this in turn undergoes a similar set of degenera- 
tive fatty changes. (3) The resulting necrotic material is at first 
finely granular. Chemically it contains free fats, fatty acids, 
cholesterol and calcareous material. The readily soluble constit- 
uents disappear, the cholesterol remains in the form of crystals 
and the calcareous material persists in granular form. (4) The de- 
generation cysts continue to increase in size and later may either 
ulcerate and discharge their contents into the blood stream, or 
become permanently sealed off by the formation of solid calcium 
plates. 
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Recently Rosenthal (1934)° has shown that the fat content of 
aortas increases with the age of the patient and runs an increase by 
decades, which in a general way parallels the increase of calcium 
found by chemical analysis in our series. While we found many in- 
stances of visible calcium deposits in atheromatous cysts along with 
fat staining materials and cholesterin crystals, we did not find any 
constant proportional relation between the two varieties of sub- 
stances. The results of analysis for calcium, whether high or low, 
could not be predicted in atheromatous cysts by the amounts seen 
in the stained sections. 

Summarizing, it appears that metallic calcium in atheromatous 
cysts is associated with lipoid degeneration and the amount depends 
on the nature of the degenerative products and their affinity for 
calcium at any given time. In the average sclerotic aorta both inti- 
mal cysts and medial hardening are present, both tend to increase 
the amount of calcium present, and the size, number and extent of 
each influences the amount of calcium contained. 


ANALYSIS OF SERIES II 


In the last 4 aortas of the first series gross photographs were 
taken with threads laid across them to mark the sites of the micro- 
scopic specimens. It was from these photographs that we realized 
the influence that the immediate environment might have in ex- 
plaining the differences in microscopic and chemical analyses. We 
decided to select 11 additional aortas and submit them to ex- 
ceptional scrutiny before analyzing them. Instead of taking con- 
secutive cases we selected the second series with reference to the 
kind of lesions they contained. They were photographed immedi- 
ately after removal from the body, the sites of the microscopic 
sections were marked and careful detailed gross descriptions made. 
All of the chemical analyses were made by one of us and all of the 
microscopic technical work was done by the other. The analyses 
were made by the Corley-Denis Method * and reported in mg. per 
100 gm. of wet aorta, just as in the first series. The technical work 
was done entirely on frozen sections, except in 2 cases of aortitis 
where paraffin sections were also made. The stains used were von 
Kossa’s silver stain, alizarin after the technique of Cameron, and 
Sudan III and hematoxylin. The methods were applied in accord- 
ance with the techniques previously reported.' 
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A two-page protocol was prepared for each aorta. Beginning on 
the left-hand side of the first page there was placed a gross photo- 
graph of the aorta with the sites of the microscopic samples marked. 
In the second column was a synopsis of the gross description op- 
posite its respective segment. In the third column was a rough 
sketch of the silver reaction showing the kind, size and location with 
reference to coats of all calcium deposits found. In the fourth 
column was a similar sketch in blue, red and black, which recorded 
the Sudan III reaction. The alizarin stains were merely used as 
controls since they stained only part of the known calcium present. 
Roehl’s hematoxylin was discarded in the second series. In the 
fifth column were placed the results of the chemical analysis for each 
level. On the second page was a complete gross and microscopic 
record. 


Group I 


Table I shows the results of the analysis of 7 aortas from patients 
under 60 years of age, and places side by side the results of the gross, 
microscopic and chemical examinations of each segment. In cases 
A-34-36 and S-34-193 the patients were both under 40 years of 
age; the microscopic lesions were of the type of fatty streaks 
limited to the intima; neither patient had been chronically ill and 


the calcium values for all segments were low. Case A-34-8 will 
be discussed with the group of aortitis lesions. In case A-34-23 the 
Sudan III preparations from all three segments were similar and 
there was a gradual increase in diffuse medial calcification from the 
arch to the bifurcation, but here it was necessary to consult the gross 
findings to see why there was more than twice as much calcium in 
the abdominal segment as there was in the arch. The first segment 
in case A-34-32 presented an unusually high calcium content and the 
protocol shows that it contained atheromatous cysts with crystal- 
line contents, one large calcium plate, and heavy diffuse medial 
calcification. 

In contrast, the third segment of case A~34-40, which had 2408 
mg. of calcium, the highest in the group, had numerous calcium 
plates, nine of them large enough to be counted, as well as cysts 
filled with grumous contents and medial calcification. This group 
illustrates well how many factors must be taken into account before 
the microscopic and chemical findings can be correlated. 
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Group II 


In Group II there were 8 aortas from patients over 61 years of 
age, and all of them showed more or less arteriosclerosis. Of the 
three segments containing the highest calcium values, two combined 
atheromatous cysts with heavy diffuse medial calcium deposits and 
isolated calcium plates. The other had heavy medial calcification 
and both intimal and medial plates. Of the aortas having the lowest 
three calcium values 2 were from cases of luetic aortitis and 1 was 
from a case of Addison’s disease with an exceptionally well preserved © 
aorta. While more uniform results than those in the preceding 
group were obtained, this series of cases also emphasized the im- 
portant factor of careful gross examination. 


Analysis of Results 


In the examination of the aortas in Series II we believe that every 
possible precaution was taken in the selection of the samples and 
in the performance of the tests. Wide variations in calcium values 
still occurred. 

We have tabulated the amounts of calcium according to decades 
separately for Series I and II, and for the total of the 63 aortas. 


TABLE III 
Average Amounts of Calcium by Decades. Metallic Calcium in mg. per 100 gm. of Aorta 


Decade i Average Series II Average Total Total average 


yrs. mg. mg. mg. 
under 10.... 40.0 ° 6 cases 40.0 
90.... 22.8 ° 22.8 
40... 167.6 ° 8 167.6 
4? to 90 .... 233-4 
gr toGo..... 590.8 
61to70.... 552.8 
or te 998.0 


n 


143.0 12 226.1 
610.6 14 524.9 
300.0 13 494-3 
710.3 3 806.2 


RE 


63 cases 


Since 4 aortas were analyzed in both groups, Table III gives the 
results for Series I, as previously reported, and adds 11 new 
aortas in Series II. 

The gradual increase in calcium by decades found in Series I was 
verified in Series II and compared in all respects. 
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When we attempted to determine the average calcium content ac- 
cording to types of lesions as we had outlined them for Series I, we 
were unable to find clear-cut examples of some of the types in Series 
II. This was due to the ways in which the types were determined. 
In Series I the basis of classification was largely microscopic, while 
in Series II both microscopic and gross changes, as they affected an 
entire segment, were thoroughly considered. Sharply defined type 
lesions limited to a single aortic coat were found in early arterio- 
sclerosis but in the more advanced cases types overlapped and the 


TABLE IV 
Relative Amounts of Calcium Deposited According to Type of Arteriosclerosis 


No. positive 
Type of lesion — 
chemically 


eg 
Intimal fatty streaks 
Atheromatous cysts 
Atheromatous cysts with medial calcification 
Atheromatous cysts with calcified plates .... 
Large calcified plates in one or both layers . 
Aortitis with medial degeneration 
Aortitis and atheromatous cysts 
Aortitis and calcified plates 


OH 
OO 


* Based on 15 aortas with three segments each. One segment was lost through premature opening of 
the autoclave. 


processes commonly involved both intimal and medial layers. The 
latter condition applied to the calcium plaques as well as to other 
forms of the sclerotic process. Only those type lesions actually 
found in Series II are included in Table IV. The quantities given are 
relative at best, and are cited as indicating trends in calcium content 
with reference to type lesions and in no way as limiting amounts. 
Several of the segments shown in Table IV were borderline examples 
that might have been interchanged between groups (d) and (e) or 
between groups (e) and (f). Such readjustments could have been 
made without seriously upsetting the classification or the average 
calcium content for the particular group concerned. 

The next step should have been to make a complete table showing 
the relative amounts of calcium found in each type of lesion for 


Average 
calcium by 
analysis 
mg. 
(a) 48.0 
(b) 80.0 
(c) 229.0 ey 
(d) 319.7 
(e) 611.0 
(f) 1294.0 
(g) 224.5 
(h) 187.0 
(i) 561.0 
* 
| 27 
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the entire 63 aortas, but owing to the difference in the ways in which 
the lesions in the two series were typed, we had no common basis 
for such a comparison. Moreover, there were 20 cases under 40 
years of age in the first series and only 2 under 40 in the second. 
To put the two series on a comparable basis, an age correction by 
decade would have been necessary. With this explanation we are 
presenting the figures just as we obtained them. 


Fatty Streaking of the Intima 
Series I — 10 segments averaged 77.2 mg. of calcium. 
Series II — 6 segments averaged 80 mg. of calcium. 


Nodular Intimal Thickening 


Series I — 10 segments averaged 168 mg. 
Series II — The lesion was not found in a segment where other 
more advanced lesions were not also present. 


Atheromatous Cysts 
Series I — 15 segments averaged 298 mg. 
Series II— 7 segments averaged 229 mg. 


Grumous and crystalline cysts appeared to be stages in the same 
process and were commonly found in the same segment. The 
crystalline cyst appeared to be the more advanced lesion and to 
contain slightly greater amounts of calcium. 


Diffuse Medial Calcification 

Series I — 13 segments averaged 345 mg. 

Series II — All instances of medial calcification were complicated 
by atheromatous cysts. Seven segments which 
contained cysts and medial calcification averaged 
319.7 mg. This suggested that cysts were present 
in the first series and were overlooked. 


Medial Cysts 
Series I — 8 segments averaged 770 mg. 
Series II — Medial cysts were always found associated with other 
lesions. 
Calcified Plates (rarely were found limited to either layer) 


Series I — 13 segments averaged 1009 mg. 
Series II — 6 segments averaged 1294 mg. 
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From this summary it may be seen that there is, in general, a 
comparative relation that applies between the type of lesion and 
the quantity of calcium recovered analytically, in spite of individual 
variations. 

AoRTITIS 


In the combined series there were 17 aortas where aortitis was an 
outstanding feature. Three of the cases showed exudation in the 
intima and media and were associated with general septicemia and 
septic processes due to some form of streptococcus. The calcium 
content of the 3 cases averaged 228 mg. One instance was typical 


TABLE V 
Calcium Content in 11 Cases of Luetic Aortitis 


Case No. Sex |Color} Arch | Thoracic} 4 AB- Average Diagnosis 


mg. mg. mg. meg. 
90.0 | 853.0 | 131.0 | 358.0 | Atheromatous cysts 
and aortitis 

258.0 ar 258.0 | Nodular intimal aorti- 


A-29-86 

A-30-25 
tis 

413.0 | 380.0 | 374.3 | Nodular thickening 


and aortitis 
72.0| 48.0 | 143.0 | Atheroma and aortitis 


A-29-96 
A-34-8 
A-29-76 121.0 | 226.0 | 153.6 | Atheroma and aortitis 
A-30-32 130.0 | 957.0 | 399.3 | Calcified plates and 
aortitis 
213.0 | 923.0 | 439.3 | Calcified plates and 
aortitis 
355-0 | 418.0 | 416.0 | Thickening and aorti- 


A-29-78 
A-30-5 


tis 

S-34-190 200.0 | §12.0 | 333-3 
a0 

161.0 | 610.0 


A-34-39 | 64 
178.0 | 191.0 | 196.3 | Aortitis 


A-34-28 | 75 


F |W 
M |W 
M/B 
M/|W 
M/W 
M|W 
F |W 
M/|B 


of the condition described in rheumatoid arthritis and occurred in 
an arthritic patient 48 years of age (A-30-14). The calcium was 
uniformly distributed in the three segments and averaged 153 mg. 

The remaining 13 cases were from luetic patients. One was from 
an infant 5 months old. Another was complicated by secondary 
sarcomatous infiltration of the adventitia. The rest are shown in 
Table V. 

Several facts are brought out by Table V. The distribution of 
the calcium was so uneven that the average content failed to have 
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any value and the amount of calcium recovered appeared to depend 
on associated arteriosclerotic processes rather than on aortitis. In 
segments where aortitis was present as the predominant condition 
the calcium was constantly lower than expected. In the majority 
the only calcium brought out by staining was shown by alizarin in 
the form of bright red granules on the remaining elastic fibrils. 


CONCLUSIONS 


From the careful examination of 15 aortas selected according to 
the type of lesion present and in which detailed gross, microscopic 
and chemical calcium data were compared, we reached the following 
conclusions: 

(1) There is a consistent increase in the amount of calcium in the 
aorta as the years advance, which is independent of the “type 
lesion”’ present. 

(2) There is in addition an increase in the amount of calcium 
which depends upon the amount of arteriosclerosis present in the 
individual case and which varies with the kind and number of type 
lesions. 

(3) The type lesions of arteriosclerosis may be classified sepa- 
rately for study but each represents a step in a progressive disease 
and, as such, is rarely encountered singly in any given sclerotic 
aorta. 

(4) The increase in calcium appears to depend on two processes: 
that associated with elastin in the media, and that depending upon 
lipoidal degenerations in the contents of atheromatous cysts. The 
processes may operate singly but asa rule they go on simultaneously. 

(5) The highest calcium values were obtained from the calcium 
plates that appeared to be relatively stable end products. Such 
plates were most commonly found in the abdominal segments. 
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STUDIES OF A PARALYSIS SYNDROME PRODUCED IN 
RABBITS AND GUINEA PIGS BY EXTRACTS OF NORMAL 
PRIMATE BONE MARROW * 


Raymonp A. KEtser, M.D.,f Lester S. Kino, M.D.f 


(From the Department of Bacteriology and Immunology, and the Department of 
Anatomy, Harvard Medical School, Boston, Mass.) 


In 1933 Friedemann and Elkeles? reported that in connection 
with studies concerning the etiology of pernicious anemia and acute 
leukemia they had observed that the intrathecal injection of bone 
marrow material into rabbits resulted in a very striking syndrome. 
These investigators further observed that normal human bone mar- 
row when injected intrathecally into rabbits gave results identical 
with those obtained with marrow from their pernicious anemia and 
leukemia cases. 


The symptoms produced in rabbits, as reported by Friedemann and Elkeles, 
and as we have noted them, develop after an incubation period of from 3 to 8 
days — in a few instances after a somewhat longer period. Usually the first 
evidence of disease is spasticity with slight impairment of function of the hind 
legs. This paralysis may gradually progress and become more extensive without 
intermittence, and the animal may die of a generalized paralysis; or there may 
be a temporary arrest of the process, with relapse a few days later and then a 
fatal termination. The course of the affection is usually somewhat protracted, 
ordinarily extending over a period of from 2 to 5 weeks. Friedemann,’ in a more 
recent article, states that when the inoculum is administered intracerebrally, 
as in all of our work, rigidity is characteristic, whereas a flaccid type of paralysis 
follows intrathecal injection of the bone marrow. 


In our experiments we have produced the condition in guinea pigs 
and find that it is much more acute in such animals than in rabbits. 
Guinea pigs, at the onset of symptoms, frequently show evidence of 
marked excitability, a condition not noted in rabbits. This is fol- 
lowed by a progressive weakness and paresis of the hind quar- 
ters which rapidly becomes generalized and the animal usually dies 
within 4 to 8 days. 

In their original report Friedemann and Elkeles called attention 
to the similarity of the disease they produced in rabbits with bone 
marrow with that observed by Gordon * when he injected intra- 


* Received for publication August 17, 1935. 
¢ Research Fellow in Bacteriology. 
Workman Fellow. 
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cerebrally into rabbits suspension of gland tissue from cases of 
Hodgkin’s disease. Gordon believed he was dealing with a virus of 
etiological importance in lymphadenoma. In his second report 
Friedemann also draws an analogy between the bone marrow agent 
and the proteolytic ferment of Jochmann.‘ He also found the active 
agent in normal human spleen and leukocytes—a finding that coin- 
cided with the distribution of the Jochmann ferment. 

Although in his early work Friedemann reported transmission of 
the affection, he was not subsequently able to repeat the finding 
and his later conclusion was that the agent was not a virus. 

The experiments reported herein had several objectives. 

In the first place we deemed it desirable further to investigate the 
possibility that the active agent was a virus. 

If the active principle did not prove to be a virus, another possi- 
bility was that the bone marrow agent might be injected simul- 
taneously with a virus not ordinarily pathogenic for the species of 
animal used, and pave the way for the establishment of the particu- 
lar virus disease. 

A further question to be settled was whether or not homologous 
bone marrow extract would produce disease. It was also desirable 
to see if homologous serum injected with an active bone marrow 
extract would prevent development of the disease. 

Study of the histopathological changes in the brain tissue in this 
phenomenon seemed desirable. While the disease in rabbits had 
been referred to by Friedemann as an encephalitis, there was no evi- 
dence to indicate whether or not microscopic changes in the brain, 
commonly considered typical of encephalitis, occurred in the bone 
marrow-produced disease. As our studies advanced we were con- 
vinced that the disease produced by the bone marrow extract was 
not due to a virus but to a substance undoubtedly derived from the 
leukocytes. Thus, it was thought that a study of the histopatho- 
logical changes in the brain might possibly throw light on the precise 
mechanism of brain tissue injury in encephalitis of known virus 
origin and in cases of postvaccinal encephalitis, and so on. 

We have pointed out that Friedemann considered the possibility 
that the agent was identical with the proteolytic ferment of Joch- 
mann which had been shown to occur in the bone marrow, spleen, 
and leukocytes of man and monkeys, and, to a lesser degree, in the 
same tissues of dogs. In our investigations we have confirmed the 
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presence of the paralysis-producing agent in the bone marrow and 
spleen of man, the bone marrow and leukocytes of monkeys, and in 
involved lymph nodes in Hodgkin’s disease in man. We did no 
work with leukocytes from man or spleens from monkeys. One 
very potent extract was obtained from the spleen in a case of leuke- 
mia in man. We failed to obtain the active principle from horse, 
rabbit, and guinea pig bone marrow and spleen. 

In general, extracts prepared from normal human spleens were of 
low potency and in many cases failed to produce disease. Bone 
marrow extract invariably proved potent, and that made from ma- 
terial taken from monkeys was more active than that of human 
origin. 

In preparing our first extracts of spleen tissue we followed the 
method described by Jochmann and Lockemann’ for the extraction 
of the “Jochmann ferment.” This method is briefly as follows: 


The tissue to be extracted is well broken up in a mortar, placed in a sterile 
Erlenmeyer flask, rubber-stoppered, and incubated in a water-bath at 55° C. 
for 24 to 48 hours. This results in a considerable amount of autolysis. Five 
volumes of a 2 to 1 absolute alcohol and ether mixture are then added, the 
mixture shaken, and allowed to remain at room temperature for 24 hours. The 
supernatant fluid is then drawn off and discarded and the residue dried in a 
desiccator. As soon as dry it is mixed with an equal volume of a 50 per cent 
solution of glycerine in physiological saline solution, is well shaken, and per- 
mitted to remain at room temperature for 24 hours. The undissolved material 
is removed by centrifugalization and the supernatant fluid carefully drawn off 
and saved, the precipitate being discarded. Five volumes of the alcohol-ether 
mixture are then added to the glycerine-saline extract. A flocculent precipitate 
results which usually settles rather rapidly. After settling of the precipitate, 
the supernatant fluid is drawn off down to the precipitate zone and discarded. 
The lower stratum of fluid containing the precipitate is centrifugalized and the 
supernatant fluid thoroughly drained off. The precipitate contains the active 
agent and can be dissolved in varying quantities of physiological saline solution 
up to twice the original volume of tissue. 


As indicated, normal spleen extracts varied in potency. Hence, 
after our initial work we carried out all our experiments with bone 
marrow extract except when material from cases of Hodgkin’s 
disease or leukemia became available, when we then used involved 
lymph nodes and spleen and obtained highly potent extracts. 
Further, in making bone marrow extracts we obtained satisfactory 
results with a simple method of extraction described by Friedemann.® 


The bone marrow is placed in a sterile beaker and subjected to the action of 
several volumes of acetone for 15 minutes. The mixture is then poured on a 
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filter paper in a funnel and the acetone filtered off. The residue is washed with 
absolute alcohol and this followed with ether. After the ether has filtered off 
the filter paper can be spread open and the residue will dry rapidly. This dry 
powder is then taken up in an equal volume of 25 to 50 per cent glycerine in 
physiological saline solution, is well shaken, and left at room temperature for 24 
hours. At the end of such period any undissolved material is removed by cen- 
trifugalization and the supernatant fluid carefully removed and saved. The 
glycerine-saline solution is then diluted with 5 volumes of a 2 to 1 absolute 
alcohol and ether mixture, this resulting in a flocculent precipitate which rapidly 
settles out. When the precipitate has settled (usually within half an hour), 
the supernatant fluid is siphoned off and the precipitate collected by centrifu- 
galization. This results in a packing of the precipitate and makes it possible 
to turn the tube upside down and drain off the remaining alcohol-ether. If a 
concentrated extract is to be employed it is well to remove all traces of alcohol 
and ether through the use of washed air or vacuum. The precipitate is taken 
up in several volumes or more of saline solution and is ready for testing. 


The potency of all of our extracts proved of very short duration, 
the final extract, at room temperature, ordinarily losing much of 
its activity in 24 hours and becoming completely inert within 48 
hours. When stored in the refrigerator, loss of potency, strange to 
say, is even more rapid, the material often proving inactive after 
several hours. Friedemann explains this on the grounds that the 
active principle is caught up in fatty material which coagulates at 
ice-box temperature, and states that if these clumps are ground up 
in a mortar and injected the typical paralysis is produced. 

Aside from the material from cases of Hodgkin’s disease and leuke- 
mia, our bone marrow and spleen tissues were obtained at early 
autopsies. Our monkey bone marrow was obtained from normal 
Macacus rhesus monkeys, sacrificed for the purpose. 

In all our experiments injections were made intracerebrally under 
ether anesthesia. With but few exceptions the dosage employed in 
all of our work was 0.3 cc. for rabbits and ferrets, 0.2 cc. for guinea 
pigs, and 0.05 cc. for mice. 

We tested a number of our extracts for proteolytic activity. This 
was accomplished by placing a small amount of the extract in a tube 
of Loeffler’s coagulated serum medium, allowing the extract to ex- 
tend about half way up the slant. After 24 hours at room tempera- 
ture the tubes were examined for evidence of proteolytic action by 
the extract. Extracts prepared from spleen tissue often proved non- 
proteolytic and were inert when inoculated into rabbits. Bone 
marrow extract invariably proved proteolytic. 

In our studies to determine the possible presence of a virus as the 
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active principle of the extracts, numerous rabbits were injected in- 
tracerebrally with fresh extracts, then sacrificed at various intervals 
following inoculation, ranging from 24 hours subsequent to inocu- 
lation — and before symptoms developed — up to several weeks 
when the animals were in the terminal stages of the paralytic disease. 
Emulsions of the brain tissue of such animals were immediately 
inoculated into normal rabbits. In a number of these experiments, 
in removing brain tissue from the initially inoculated animal for 
transmission tests the tissue was carefully obtained from the area 
around the needle track with the thought that if we were dealing 
with a virus it might be localized at such a site. 

Extracts prepared from normal spleen, leukemic spleen, glands 
from cases of Hodgkin’s disease, and bone marrow were used in these 
transmission studies. In not a single instance were we able to trans- 
mit the disease from an affected animal to one that was normal. 

In a further attempt to build up evidence for or against the bone 
marrow principle as a virus, brain tissues containing known neuro- 
tropic viruses were subjected to the same extraction processes as 
used in our experiments, and then inoculated into animals to deter- 
mine whether or not the viruses would survive such treatment. For 
this phase of our experiments the viruses of St. Louis encephalitis, 
equine encephalomyelitis and rabies were used. In all instances the 
extraction process rendered the viruses inert. 

To determine whether or not damage of the brain tissue by bone 
marrow extract would make it possible for a virus to propagate in a 
species of animal for which it was not ordinarily pathogenic, we 
carried out several experiments. 

In one series the virus of St. Louis encephalitis, which does not 
produce disease in guinea pigs, was mixed with bone marrow extract 
and the mixture injected into guinea pigs and mice. The guinea pigs 
developed the typical paralysis due to the bone marrow extract, 
but when portions of their brains were removed, emulsified and in- 
jected into additional guinea pigs and mice all such animals re- 
mained healthy. It was evident, therefore, that the St. Louis 
encephalitis had not survived in the original guinea pigs receiving 
the mixture of virus and bone marrow extract. The mice — nor- 
mally susceptible to St. Louis encephalitis — developed the St. 
Louis virus disease after the usual incubation period. Control mice, 
receiving only the bone marrow extract, remained well. 
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During the period these experiments were in progress we received, 
through the courtesy of Dr. Maxwell MacDonald, a number of speci- 
mens of spinal fluid from cases of encephalitis of undetermined 
etiology. We have been routinely inoculating such specimens into 
mice, guinea pigs, rabbits, and occasionally ferrets, with the hope 
of picking up a virus. In two instances such specimens were re- 
ceived when we happened to have on hand freshly prepared bone 
marrow extract. Under such circumstances we inoculated mice, 
guinea pigs, rabbits, and in one instance ferrets, with mixtures of 
the spinal fluid specimens and bone marrow extract. We failed to 
recover a virus through the adjunct use of the bone marrow extract. 

In another case of fatal encephalitis from which brain material 
was received through the courtesy of Dr. William Holt, we employed 
bone marrow extract in inoculation tests in attempts to increase the 
pathogenicity of a suspected virus. In this case — even without the 
bone marrow extract — we obtained fairly definite evidence of the 
presence of a virus. However, after passage through three series of 
half grown mice it was lost. The pathogenicity of this “virus” for 
mice was not enhanced through the adjunct use of bone marrow 
extract. 

An interesting question in connection with these studies was 
whether or not these paralysis-producing extracts would cause the 
disease in the species from which tissues were obtained for the prepa- 
ration of extracts. Accordingly, we inoculated monkeys intracere- 
brally with a highly potent monkey bone marrow extract. The 
monkeys developed no evidence whatever of the disease, whereas 
guinea pigs and rabbits inoculated with the same material developed 
the classical paralysis and succumbed. 

One experiment was conducted to determine whether or not fresh, 
normal monkey serum would neutralize the active principle in 
monkey bone marrow extract. For this purpose two rabbits were 
each injected intracerebrally with 0.4 cc. of a mixture of equal 
parts of the bone marrow extract and monkey serum, the mixture 
being allowed to stand at incubator temperature for 30 minutes be- 
fore injection. Similarly, two control rabbits were each injected with 
mixtures of the bone marrow extract and fresh, normal rabbit serum. 
All four rabbits developed the typical paralysis, indicating that 
neither the homologous serum nor the rabbit serum possessed ability 
to neutralize the active principle in the bone marrow extract. 
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HISTOLOGICAL STUDY 


For purposes of histological study, six guinea pigs, with intra- 
cerebral injections of both human and monkey bone marrow ex- 
tract, were subjected to careful examination. These animals were 
allowed to live until their behavior indicated that they probably 
would not survive until the next morning. This interval ranged in 
different animals from 4 to 9 days following injection. They were 
then killed with chloroform. Four of these animals were perfused 
through the heart with to per cent formalin, the brains embedded in 
celloidin, sectioned serially at 20 microns, and every tenth section 
stained with thionin. In two instances the brains were removed 
and fixed in formalin without preliminary perfusion. These were 
embedded in paraffin, sectioned serially at 10 microns, and every 
fifteenth section stained with thionin. Portions of the latter ma- 
terial were cut at 5 microns to allow more detailed cytological ob- 
servation. In addition, sections from the brains of a large number 
of similarly inoculated guinea pigs were studied, but as these were 
not serial sections they were used only for purposes of confirmation. 

Considerable rabbit material was also available, but for careful study the 
guinea pig was chosen in preference to the rabbit, since in the latter spontaneous 
encephalitis is much more likely to be a complicating factor. This factor will 
be discussed subsequently. 

For control purposes three normal stock guinea pigs were killed with chloro- 
form, perfused with formalin, the brains embedded in celloidin, cut serially, 
and every tenth section stained with thionin. For further controls the brains 
of two guinea pigs injected intracerebrally with non-pathogenic rabbit bone 
marrow extract were studied in serial sections. These animals received 0.3 cc. 
of rabbit bone marrow extract, prepared in exactly the same way as was the 
human or monkey material. Five days following injection they, too, were killed 


with chloroform, perfused through the heart with formalin, the brains embedded 
in paraffin, and every fifteenth section, at 10 microns, stained with thionin. 


The pathological findings fall naturally into two groups: the 
local action at the site of injection, and the more general, wide- 
spread effects, which we call action at a distance. 

The lesions at the site of the injection are a familiar picture, rather 
similar to that of any brain puncture accompanied by the injection 
of a small quantity of readily absorbed material. The typical his- 
tological appearance is indicated in Figure 2 (G. P. No. 8). There 
is a central zone of necrosis, with a moderate amount of hemorrhage 
and vast numbers of Gitter cells. Occasional leukocytes may be 
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seen, but their presence is not marked. More peripherally there is 
a zone of edema and cytological change, but without necrosis. In 
this reactive zone there is marked increase in the number of glial 
cells, chiefly the microglia, which show marked progressive altera- 
tions. In addition there is present a moderate amount of cellular 
débris and nuclear fragments, representing phagocytes degenerating 
in situ. Gitter cells are prominent, intermingled with the transi- 
tional forms of microglia. There is a moderate amount of vascular 
proliferation, with a slight degree of adventitial thickening. Around 
some of the blood vessels there is a very minor increase in peri- 
vascular cells which appear to be chiefly mobile glial cells. 

The neurons within the reactive zone may show swelling and 
chromatolysis. Such changes are not, however, a necessary part of 
the picture, since nerve cells morphologically completely normal may 
exist in the midst of marked glial alterations. 

In Figure 1 the site of injection was superficial in the hemisphere. 
There is a dense collection of cells, chiefly microglia, on the extreme 
left, while in the adjacent cortex a diffuse loss of neurones in the 
outer cortical laminae is readily apparent. Coincidental with the 
loss and injury of nerve cells is a marked glial reaction coupled 
with a proliferation of blood vessels. All of the neurones are not 
destroyed; many remain in various stages of degeneration. Ex- 
amination of Figure 1 shows, moreover, a loss of neurones, with 
proliferation of glia and of blood vessels, in the dorsomedial cortex 
of the opposite hemisphere. This picture suggests that the patho- 
genic agent extended over the surface of the brain in the sub- 
arachnoid space. In this particular case the destructive process, 
of the type illustrated, involved the superficial layers of the cortex 
over approximately one-half of one entire hemisphere, with a slight 
involvement of the opposite hemisphere. 

Lesions of the type illustrated here might be caused by the ap- 
plication of any of numerous destructive agents. The type of de- 
struction observable in Figure 1 might equally well be produced by 
the local application of heat, or the injection of alcohol into the 
brain and subarachnoid space. 

The meninges of the animals receiving the primate bone marrow 
extract all showed abnormality. The reaction, however, was not 
necessarily at the site of the inoculation. In Figure 1, for example, 
the meninges covering the reactive cortex are not especially abnor- 


i 


STUDIES OF A PARALYSIS SYNDROME 325 


mal. This animal, however, had a moderate degree of basal menin- 
gitis, not illustrated here. In other cases, on the other hand, there 
is a pronounced inflammation between hemisphere and brain stem. 
Yet the infiltration is even more pronounced at the base of the 
brain, and between the opposite hemisphere and brain stem. In 
general, the meninges over the convexity of the brain are quite 
normal, while inflammation is present at the base of the brain and 
between the hemispheres and the brain stem. This inflammation is 
non-purulent. Although polymorphonuclear leukocytes are present, 
mononuclear cells predominate. 

Apart from the focal lesions there are numerous interesting 
changes which we call action at a distance. The meningeal reaction, 
independent of the site of the injection, is such a case. By far the 
most striking reaction is the involvement of the cerebellum, present 
in every single animal examined, including the six brains sectioned 
serially, and about ten other guinea pigs and rabbits whose brains 
were studied histologically, though not in serial section. 

All of these animals exhibit an identical picture. The Purkinje 
cells are most severely affected. A low power view of two typical 
folia is shown in Figure 3, while a perfectly normal section with the 
same fixation and staining and of the same thickness is shown below. 
In Figure 3 the loss of Purkinje cells is obvious. In the lower folium, 
and in the lower part of the upper folium, not a single Purkinje cell 
remains. In their place is seen a row of cavities and small cysts, 
with a moderate glial reaction. In the uppermost part of Figure 3 
a layer of pale staining Purkinje cells is apparent. Under higher 
power it is clear, not only that the staining reaction of these cells 
is much weaker than normal, but that they show very severe mor- 
phological alterations. 

Degenerative changes in the Purkinje cells are rather varied. The 
simplest and least malignant form affects only the cytoplasm, which 
becomes swollen and sometimes vacuolated, with a dissolution of 
chromatin material, especially in the periphery of the cell, accom- 
panied by a general pallor of staining reaction. The nucleus, al- 
though it may be displaced toward the periphery of the cell, remains 
essentially intact. 

In more severe changes the nucleus is affected. The nuclear mem- 
brane shrinks, becomes irregular, or may disappear. The basophil 
nucleoli become fragmented, separate from the true nucleolus, and 
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become dispersed throughout the nucleus. Where the nuclear mem- 
brane undergoes dissolution the fragments of basophil nucleoli, with 
their characteristic blue-green staining reaction, may become dis- 
persed through the cytoplasm. In other cases the entire nucleolar 
complex may be displaced, through a ruptured nuclear membrane, 
into the cytoplasm. 

Sometimes the cytoplasm is shrunken, homogeneous and very 
pale, while the entire nucleus stains a very deep blue. In still other 
cases the entire cell, cytoplasm as well as nucleus, is shrunken and 
exhibits a uniform intense blue staining. 

As the Purkinje cells degenerate and disappear there is a glial re- 
action leading to the formation of the glial “‘Strauchwerk’”’ described 
by Spielmeyer.’ This affects chiefly the microglia of the molecular 
layer and the Bergmann glia. This characteristic reaction is most 
recently described by Scherer * who gives a full bibliography. 

Apart from the changes in the cerebellar cortex, there are two 
other types of action at a distance which deserve mention, affecting, 
respectively, the neurones and the microglia. 

In all cases there are widely scattered through the brain stem 
groups of neurones showing the primary irritation of Nissl,’ 7.e. 
swelling, chromatolysis and eccentric displacement of the nucleus. 
With the exception of the large celled, anterodorsal nucleus of the 
thalamus, which was affected in all cases, there are no single nu- 
clear configurations invariably damaged. Nevertheless, every case 
showed extensive changes in widely scattered cell groups over the 
entire brain stem. The spinal cord was also affected. Figure 5 of 
Deiters’s nucleus, in the same animal from which Figure 2 was 
taken, is a typical field, although by no means as pronounced as may 
be sometimes found. 

Curiously, the motor trigeminal nucleus is spared in all cases. The 
cell groups most frequently affected, apart from the anterodorsal 
nucleus of the thalamus, are the vagus, hypoglossal and vestibular 
nuclei, the inferior olivary complex and the pontine nuclei, together 
with scattered large cells in reticular formation throughout the 
neuraxis. Other cell groups may less frequently be affected, with 
the one exception noted above. 

A further change from the normal consists in the swelling of the 
microglia, of the type described by Alpers ® in urea poisoning, and 
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subsequently observed in other conditions. Proliferation of the 
microglia is frequently present in addition. 

It is to be emphasized that in perfectly normal guinea pigs the 
microglia, seen in thionin preparations, sometimes show a well out- 
lined cell body with thickened retracted processes identical with the 
changes described by Alpers on the basis of silver preparations. The 
presence of isolated cells of this type is not a sign of abnormality. 
But in our experimental material there is.considerable increase in 
the number of such cells, which we feel to be of significance in the 
pathology of this condition. The occurrence of this change is espe- 
cially to be noted in the midbrain, pons and hypothalamus. This 
behavior of the microglia is usually, but not always, to be observed 
where the ganglion cells show primary irritation. On the other 
hand, the glial changes may be present even where the neurones are 
unaffected. 

The blood vessels apart from the vicinity of the injection site 
usually show no change. Proliferation of blood vessels, with thicken- 
ing of their adventitia, and slight accumulation of mononuclear cells 
therein, may rarely be observed in parts of the brain showing no 
contiguity to the original lesion. Occasionally, in the rabbit material 
examined, small discrete areas of softening, together with marked 
hematogenic infiltration of perivascular spaces, are present far re- 
moved from the lesion. Uncertainty whether this was a result of the 
lesion, or a coincidental spontaneous encephalitis, led us to depend 
on the guinea pig. In our series of the latter animals we have never 
observed any changes that could possibly be confused with a 
spontaneous encephalitis. 

In all our material the cerebral cortex, apart from the point of 
entry of the needle, or the reaction shown in Figure 1, is entirely 
normal. Many cells show what are apparently severe alterations, 
especially shrinkage and deep staining reaction of both cytoplasm 
and nucleus. The pyramidal cells of the third and fifth layers par- 
ticularly show this reaction, as well as many cells of the pyriform lobe 
and other parts of the olfactory cortex. On the other hand, cells of 
identical appearance are to be found in normal control material in 
the same cortical areas, and consequently cannot be considered 
abnormal. 
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DISCUSSION 


While there are some things in connection with these bone marrow 
and other tissue extracts, and the disease produced by the same, 
that suggest the possibility of the presence of a virus, there are a 
number of points in opposition to such theory. 

The definite incubation period in all cases, and the occasional in- 
termittent type of case, would naturally raise the question as to 
whether or not a living agent was involved in the production of the 
disease. Then, the similarity between the active principle in bone 
marrow, normal spleen and leukocyte extracts, and that in the 
lymphadenoma preparations which Gordon worked with and con- 
sidered virus, emphasized the necessity of considering the virus 
possibility. On the other hand, the analogy between our extracts 
and the “Jochmann ferment’”’ is in opposition to the virus theory. 
Further, it would have been very unusual indeed had we found a 
virus capable of withstanding the severe chemical treatment em- 
ployed in the preparation of our extracts. Our negative transmission 
tests reported herein were not, therefore, unexpected. 

Had it proved possible to activate, with bone marrow extract, 
some of the known neurotropic viruses, in animals not otherwise 
susceptible to it, the finding would have proved very useful and would 
have thrown considerable light on some phases of our virus prob- 
lems. Our negative results with a known virus seem to indicate that 
the bone marrow extract is of no value for the purpose. This tends 
to indicate that such extracts are of no service in “bringing out” 
viruses that might possibly be present in material from some of the 
cases of encephalitis of undetermined etiology. 

The outcome of our inoculation experiments with homologous ex- 
tracts proved that there is no danger of an “auto-infection” with 
the paralysis-producing agent present in normal human bone mar- 
row, spleen and leukocytes. 

As regards the histopathology, there are two chief points on which 
discussion may be based, i.e. what is the explanation of the various 
pathological changes described above, and what is the relation of 
these morphological changes to the physical signs and clinical ap- 
pearances of the injected animals? 

The pathogenic bone marrow extract is known to have a proteoly- 
tic effect in vitro. The intensity of the local action at the site of in- 
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jection is undoubtedly in relation to this property. But in a qualita- 
tive sense the primate bone marrow has given us a picture similar 
to that which could be produced by any of numerous destructive 
agents. 

It is clear, however, that the clinical picture resulting from the 
injection is not the result of the local destruction of brain tissue. 
As has been demonstrated in the accompanying photographs, the 
location and extent of the focal lesion vary quite widely from one 
animal to another. The clinical syndrome, if we may be allowed the 
term, shows a great constancy. Furthermore, the destruction pro- 
duced by the non-pathogenic material did not cause the characteris- 
tic clinical picture, or any part of it. 

Pathological changes away from the site of injection (what we 
have called action at a distance), namely, the severe alterations in 
the cerebellar cortex, the widespread primary irritation of ganglion 
cells and the ‘‘toxic’’ changes in the microglia, cannot be held re- 
sponsible, per se, for the clinical picture. None of these changes is 
in any sense specific. There are over thirty conditions (Scherer *) 
in which more or less similar cerebellar pathology may be found, 
ranging from epilepsy to olivo-ponto-cerebellar atrophy to dysentery. 
So, too, ganglion cell and glial changes similar to those described 
above may be observed in a wide variety of clinical conditions. 

It is our belief that no exact correlation can be made between the 
pathological findings and the symptomatology. Before death the 
animals gave evidence of a widespread involvement of the nervous 
system, analogous to that found in a virus encephalitis. The present 
condition is most certainly not due to a virus, nor can the term 
encephalitis be used without some violence to usage. Nevertheless, 
it is probable that the pathogenic agent has acted upon the nervous 
system as a whole. To this widespread action we would refer the 
symptoms. 

It is equally probable that the morphological alterations visible 
under the microscope are due only to a special susceptibility of the 
regions affected to the noxious agent. Why one group of ganglion 
cells rather than another should show microscopic changes it is im- 
possible to say. Why the neocortex, supposedly extremely sensitive 
to injury, should appear intact must remain unexplained for the 
present. The fact remains that scattered groups of cells, both 
neuronal and glial, give evidence of damage. 
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The cause of this damage is presumably the same as the cause of 
the symptoms. Yet, as mentioned above, it is unlikely that the 
symptoms as a whole are directly referable to the damaged cells 
visible under the microscope. We suggest that the fundamental 
pathogenic agent, whose exact nature and mode of spread must re- 
main unknown for the present, acts on the nervous system as a 
whole. A functional disturbance is produced, leading eventually to 
death. Morphological changes are also produced in the course of 
this process. The data at hand are not adequate for further analysis. 


CONCLUSIONS 


The paralysis-producing principle present in normal bone marrow, 
spleen and leukocytes of man and monkeys is not a virus or other 
type of living agent and is incapable of producing a transmissible 
disease. 

This active, disease-producing agent is of a chemical or enzymatic 
nature, apparently of leukocytic origin, and is undoubtedly identical 
with Jochmann’s proteolytic ferment and with what Gordon thought 
was a virus in Hodgkin’s disease. 

Extracts of high potency for rodents can be regularly prepared 
from bone marrow of man and monkeys, that from monkeys being 
especially active. Extracts prepared from normal spleen tissue are 
not nearly so satisfactory, a number of such preparations often prov- 
ing inert. Lymph glands from cases of Hodgkin’s disease, and spleen 
tissue from leukemia cases produce highly potent extracts. Extracts 
from leukocytes are apparently very active although we prepared 
but one (from a monkey) in our work. 

Both rabbits and guinea pigs are readily susceptible to intracere- 
bral injections of these extracts. 

The simultaneous injection of bone marrow extract and a known 
neurotropic virus into a species of animal not ordinarily susceptible 
to the virus does not make possible the propagation of the virus in 
such species. 

Bone marrow extract proved of no value in attempts to “bring 
out” a possible virus in cases of acute encephalitis of undetermined 
etiology. 

Monkey bone marrow extract, injected intracerebrally into mon- 
keys, does not produce disease, hence, it is evident that “auto- 
infection” does not occur. 
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Extracts prepared from bone marrow of the rabbit, guinea pig, 
and horse failed to produce disease when injected into rabbits and 
guinea pigs. 

Homologous serum does not neutralize the active principle in bone 
marrow extracts. 

The pathological findings are divisible into the local action at 
the site of injection and the action in other parts of the nervous 
system remote from the local injection, which we call action at a 
distance. The local action is similar to that resulting from the intro- 
duction of any destructive agent, but much more severe than would 
be expected from the small quantities of material injected. The 
action at a distance involves primarily the cerebellum, where there 
is severe and widespread injury to the Purkinje cells, with the for- 
mation of a glial ‘“Strauchwerk.” Other changes include pro- 
nounced but scattered primary irritation of ganglion cells, ‘‘toxic” 
swelling of microglia and meningeal infiltration, predominantly 
with mononuclear cells. 

We believe that the symptoms of the animals are not the direct 
result of the lesions described. The symptoms seem to be the result 
of a widespread functional involvement of the nervous system, the 
exact nature of which remains unknown. The lesions at a distance 


are probably the result of a special vulnerability to the pathogenic 
agent. 
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DESCRIPTION OF PLATES 


PLATE 36 


Fic. 1. Lesion when site of injection is superficial in the hemisphere (descrip- 


Fic. 2. Typical zone of necrosis, with hemorrhage (see text). 


tion in text). 
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PLATE 37 


Fics. 3 and 4 contrast cerebellar lesions with normal cerebellum section, show- 
ing loss of Purkinje cells in Fig. 3 (see text). 


Fic. 5. Section of spinal cord (see text). 


i 
x 
j 
af 


AMERICAN JOURNAL OF PATHOLOGY. VoL. XII PLATE 37 


> 


Kelser and King Studies of a Paralysis Syndrome 


3 

: 


THE CHANGES IN THE APPEARANCE OF THE WALL OF A 
MUSCULAR ARTERY BETWEEN DIASTOLIC AND 
SYSTOLIC BLOOD PRESSURES * 


R. J. M. Gattoway, M.D. 


(From the Department of Pathology and Bacteriology, University of Toronto, Toronto, 
Canada) 


Sections of arteries removed postmortem do not represent the 
true appearance of the vessels during life. The lumens are seen to 
be small and bounded by a deeply folded intima and internal elastic 
lamina and the walls of the vessels are unduly thickened. It was 
suggested by Ballance and Edmunds,’ and later proved by Mac- 
William,” that this appearance is due to a postmortem contraction 
occurring in the musculature of the media which causes a great 
decrease in the diameter of the lumen and consequently throws the 
inner part of the wall of the vessel into numerous abnormal folds. 
The exact appearance of the wall of an artery distended during life 
by its normal blood pressure has not been universally agreed upon, 
nor is it known what changes take place in the wall during the pass- 
ing of the normal pulse wave. It would seem that these conditions 
in normal arteries should be better understood to gain an apprecia- 
tion of the appearances and effects of pathological lesions. 

In the present investigation arteries were distended and fixed at 
their normal blood pressures and the appearance of the walls of 
these arteries was observed. It was hoped that the arteries would 
respond to distention under the experimental conditions imposed on 
them in a manner sufficiently similar to those in vivo so that the ap- 
pearance of the wall, at diastolic and systolic blood pressures, and 
the changes which occur in the wall with the passing of the pulse 
wave, could be appreciated. 

MacWilliam and Mackie * showed that the postmortem contrac- 
tion which occurs shortly after death materially affects the histologi- 
cal appearance and physiological properties of arteries. Roy ‘ had 
found that equal increments of internal pressure in arteries caused 
increasing augmentation of volume per unit rise of pressure, and 
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that arteries were most elastic and most distensible with internal 
pressures such as had existed during life. MacWilliam, however, 
found that with contracted arteries there was increasing augmenta- 
tion of volume per unit rise of pressure up to a point of maximum 
distensibility and then diminishing increments. The point of maxi- 
mum distensibility varied with the degree of postmortem contrac- 
tion present in the musculature of the arteries. A strongly con- 
tracted artery required an internal pressure far in excess of normal 
blood pressure, whereas a weakly contracted artery required less 
than normal blood pressure to reach the point of maximum distensi- 
bility. Relaxed arteries behaved very differently, the increase in 
volume being greatest at the first rise of pressure above zero, and 
diminishing increments appearing with each rise in pressure there- 
after. In other words, the contracted artery, after it has reached the 
point of maximum distensibility, behaves in a manner similar to 
that of the relaxed artery. Or again, the initial rise in pressure in 
a contracted artery is exerted to break the postmortem contraction 
present. It is obvious, therefore, that if one expects to observe the 
appearance of arteries under normal blood pressure they must be 
observed after this strong contraction has been removed. Mac- 
William described several different methods by which this could be 
done: (a) freezing, (b) exposure to ammonia vapor, (c) heating, 
(d) kneading, rubbing, stretching, and so on, and (e) immersion in 
potassium sulphocyanide. Nakonetschny * also showed that the 
vessel could be relaxed by distending it with saline for a short time. 

The last two methods mentioned were utilized in this experiment, 
and as more uniform results were obtained by immersing the arteries 
in potassium sulphocyanide, this was done in the majority of cases. 
In all, twenty-two different sets of arteries were examined. The 
arteries observed were the external iliac arteries from humans on 
whom a postmortem examination was made within 8 hours after 
death. When the arteries were relaxed with potassium sulphocya- 
nide they were attached to a cannula and the branches ligated; the 
vessels were then filled with and immersed in an aqueous solution of 
this substance (20 gr. per 100 cc.) for 3 minutes and then washed 
thoroughly with saline. Formol-saline (10 per cent) at the required 
pressure was used to distend the vessels, which were then placed in 
formol-saline to fix, while still distended, for at least 24 hours. 
When the vessels were relaxed by a primary distention with saline, 
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an internal pressure of 80 to 100 cm. of saline was applied for a 
length of time varying from 5 to 10 minutes, and the final distention 
and fixation with formol-saline were the same as in the other method. 
In the first series the arteries from the opposite side were used as 
controls; later, both arteries were distended after segments were cut 
from each for controls. Sections were stained according to Ver- 
hoeff’s method for staining elastic tissue. 

It was observed that the degree of postmortem contraction in 
the control sections varied considerably. As other workers have 
pointed out, it was found that the number of folds and their depth in 
the internal elastic lamina is a criterion for the amount of contrac- 
tion present in the muscle fibers of the media. Where the media is 
the thickest, the number of folds in the internal elastic lamina and 
in the intima is the greatest. It was found that the degree of con- 
traction varied not only in different arteries but in different parts of 
the same segment of a single artery. Eleven cases were analyzed in 
an attempt to discover some cause for the differences in contraction. 
It was felt that the age, cause of death, blood pressure during life, 
and the number of hours after death that the arteries were examined, 
might be factors in determining the degree of contraction. No rela- 
tion, however, was found between these factors and the degree of 
contraction in the arteries. Of the four factors, it was felt that the 
cause of death and the number of hours postmortem were the most 
important. There were many different causes of death in this series 
but the length of time after death that the autopsies were done 
ranged only from 1 to 8 hours. It is recognized that in excised ar- 
teries the extreme contraction present is due to a survival of excita- 
bility of the musculature and we believe the variation in stimulation 
caused by removing the vessels plays a large part in determining the 
degree of contraction present, and likely accounts for the differ- 
ences in contraction seen in a section of an artery. 

Twelve arteries were distended at a pressure equivalent to the 
normal systolic blood pressure. In these, results were obtained 
similar to those of Klotz, Nakonetschny® and Wolff.’ The folds of 
the intima and the internal elastic lamina became flattened out and 
the layers of the vessel wall took a circular course about the lumen. 
The media was thin, the elastic fibers in the media were long and 
straight and their branches difficult to discern. The fibers of the ex- 
ternal elastic lamina were also straightened out. In some cases the 
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folds did not entirely disappear from the intima and the internal 
elastic lamina but gave way to long low rolls. In other isolated areas 
deeper folds were present and under these the media was found to 
be thicker than in the areas where the folds were lost. It was thought 
that these were areas that were strongly contracted, similar to the 
areas of increased contraction observed in the control vessels, and 
that the treatment used to cause a relaxation of the arteries had 
been insufficient for these parts. 

Ten arteries were treated similarly and distended at a pressure 
equivalent to the normal diastolic blood pressure. In these it was 
expected that the waves in the intima and internal elastic lamina 
would be present in a moderate degree, but less than that seen in 
the contracted state. We expected to find a “position of rest” of 
the vessel wall such as Wolff described, in which he found a uniform 
waviness of the intima and internal elastic membrane in arteries 
distended at diastolic blood pressure. From his findings Wolff con- 
cluded that the pulsitory variation in the artery wall took place 
between this position of rest and a complete flattening of the folds. 
Contrary to expectation, however, it was observed that the ap- 
pearance of a vessel wall distended at diastolic pressure by either of 
the methods used was identical with that of those distended at 
systolic pressures. Of the two arteries, in each of the last 8 cases 
examined, one was distended at the diastolic pressure and the other 
at either average or systolic pressure. Sections from the two dis- 
tended arteries in each case were indistinguishable, one from the 
other, regardless of the method of relaxation and the pressure at 
which they were distended. 

With few exceptions the arteries in these experiments were taken 
from individuals between 20 and 40 years of age, as it has been 
shown by Foster® that the elastic tissue, and by MacCordick® that 
the muscle tissue, is fully developed between these ages. Also, there 
are but slight arteriosclerotic changes at this age. Both by accident 
and by intention some arteries showing various degrees of sclerosis 
were included. In these it was observed that where there was only 
slight proliferation of the fibrous tissue of the intima, all parts of the 
wall showed a change after the distention. The intima and the inter- 
nal elastic lamina lost their folded and wavy character. Where the 
sclerotic changes were marked, the layers of the vessel appeared to 
be fixed in a distended condition. 
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If it were assumed that the arteries im vivo respond to the changes 
in blood pressure in the same way as the arteries under these ex- 
perimental conditions, it would be necessary to conclude that the 
vessel wall does not markedly change its appearance during the 
passing of the pulse wave. It is known, however, that there is a 
definite expansion of the vessel during systole which may be shown 
by pulse wave tracings. Hence, it must be concluded that excised 
arteries subject to the conditions present in this experiment do not 
give a vessel-wall curve similar to that of arteries in vivo. 

It has been shown that the folds seen in contracted arteries tend 
to flatten out when the relaxed vessels are distended. The smooth 
muscle of the media is definitely able to contract and different de- 
grees of contraction may be seen in untreated arteries. The greater 
the contraction of the muscle, the greater is the folding observed in 
the various layers. Dietrich ” points out that there is a relaxation 
of the muscle in the media during the passing of the pulse wave, 
immediately followed by a contraction of the media after the wave 
passes by. Hence, it may be stated that there is a difference in the 
degree of folding present in the intima and in the elastic tissue at 
diastolic and at systolic blood pressures. If the normal tonus of an 
artery allows a complete relaxation of muscle, all the folds in these 
layers will disappear; but, on the other hand, long rolling folds may 
still be present. During diastole the waviness in these layers is un- 
doubtedly less than that seen in excised arteries showing postmortem 
contraction of the media. Therefore, it is concluded that the pul- 
satory variation in the shape and appearance of the wall of arteries 
of the muscular type must be between a moderate degree of wavi- 
ness in the intima and internal elastic membrane during diastole 
and a complete flattening of these folds during systole. We are not 
prepared, however, to state whether or not sufficient relaxation of 
the media occurs to cause an absolute loss of waviness of the intima 


and internal elastic membrane. 


SUMMARY 


The right and left external iliacs were removed in toto from 22 
routine postmortem cases. One of the arteries of the first twelve 
pairs and both arteries of the remaining pairs were treated to relax 
the postmortem contraction of the media, and distended and fixed 
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at either systolic, diastolic or average blood pressures. Controls 
showing postmortem contraction of the media were kept, and of 
these, eleven were analyzed in an attempt to determine the cause of 
the differences in the degree of postmortem contraction observed. 
The experiment dealt primarily with normal, fully developed arteries, 
but some observations were made on arteries showing arterioscle- 
rotic changes. 


CONCLUSIONS 


1. The number of folds present in the intima and internal elastic 
lamina of muscular arteries is a criterion for the degree of contrac- 
tion present in the muscle tissue of the media. 

2. The degree of postmortem contraction in excised arteries is 
not uniform. It varies not only in different arteries from the same 
individual but in different parts of the same segment of an artery. 
These differences are due largely to differences in stimuli produced in 
excising the arteries, although other factors also probably play some 
part. 

3. Relaxed excised arteries, distended by pressures equivalent to 
at least 80 mm. Hg. or more, show a loss of waviness of the intima 
and of the elastic tissues in the wall. The elastic fibers in the media 
and in the external elastic lamina lose their wavy contour before the 
fibers in the internal elastic lamina. 

4. The changes in the artery wall during the passing of the pulse 
wave probably vary between a moderate folding of the intima and 
internal elastic lamina at diastolic blood pressure, and a lesser degree 
of this folding at systolic pressure, a change that may even extend 
to a complete loss of folds in these layers. 


I wish to take this opportunity to thank Professor Oskar Klotz 
for his helpful suggestions and kindly criticism in this work. 
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PLATE 38 


Fic. 1. Artery showing marked degree of postmortem contraction. x 200+. 


Fic. 2. Artery relaxed by immersion in potassium sulphocyanide and dis- 
tended at systolic pressure. x 200+. 
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CLINICAL AND PATHOLOGICAL FEATURES OF AN INFECTION 
CAUSED BY A NEW PATHOGEN OF THE GENUS 
LISTERELLA * 


Caspar G. Burn, M.D. 


(From the Laboratory of Pathology, Yale University School of Medicine, New Haven, 
Conn.) 


A new species of organism belonging to the genus Listerella was 
first obtained from a newborn infant in February, 1933. One year 
later a similar organism was recovered from the blood in 2 separate 
cases of fatal illness in infants, and soon thereafter a fourth organism 
of the same type was isolated at autopsy from the meninges and 
viscera of an adult. A brief clinical, epidemiological and pathologi- 
cal presentation of the findings in these 4 cases follows. 


CASE REPORTS 


Case 1. A-2810. The patient, a white male infant, was born at home at 
1.00 A.M. on Feb. 17, 1933. It was the seventh child of apparently healthy 
parents. All the other children were living and well. It was said, however, that 
the mother had had a cold several days before delivery, but she had apparently 
recovered at the time of the birth of this child. Labor lasted for 20 hours, but 
it was a normal spontaneous delivery, occurring 2 hours after the rupture of the 
membranes. At birth the baby was cyanotic and did not cry immediately but 
had to be stimulated to breathe. Difficulty in breathing recurred later in the 
day and was accompanied by cyanosis, with the result that the physician sent 
the child to the hospital. 

On admission the patient was moribund, breathing irregularly, gasping for 
air, and appeared cyanotic. The temperature was 1o1° F. The anterior fonta- 
nelle was open and not bulging. There was no evidence of injury to the head. 
Jaundice was not present. Heart sounds were poor in quality. There were nu- 
merous, fine crepitant rales heard over both lungs. Blood and lung cultures 
yielded a hemolytic Gram-positive bacillus. 

The infant did not react to stimulation and expired within the hour. 


Pathological Findings 


Postmortem examination performed 12 hours after death pre- 
sented the following significant findings. 

The body was well developed, weighing 3175 gm., and was 53 cm. 
in length. The only gross evidence of change observed was the 
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presence of atelectasis involving all of both lungs except the anterior 
margins. 

Histologically the walls of the larger umbilical vessels showed 
some infiltration with small lymphocytes and a few polymor- 
phonuclear leukocytes. Small areas of focal pneumonia and 
bronchiolitis were observed in both lungs. The sinusoids of the 
spleen were markedly congested and there were small areas of ex- 
travasated blood. Small focal areas of necrosis distributed through- 
out the liver parenchyma (Fig. 1) were infiltrated with polymor- 
phonuclear leukocytes, red blood cells and large mononuclear cells. 

Permission for examination of the central nervous system was not 
granted. 

Cultures procured from the heart’s blood and all the viscera 
yielded a hemolytic Gram-positive bacillus. The ileum and colon 
also contained this organism. In addition, Pneumococcus Group IV 
and Hemophilus influenzae were isolated from the throat. 

The unusual nature of the clinical, anatomical and bacteriological 
findings made it necessary to attempt to determine the source of the 
infection. The infant’s parents proved to be healthy; throat cul- 
tures yielded the usual mouth flora and no organisms resembling 
the one infecting the infant could be isolated. Vaginal examination 
of the mother 8 days after the birth of the child showed no unusual 
bacteria. Three of the four children were carefully examined and 
found to be well. Their throat cultures were entirely negative for 
pathogenic organisms. No evidence of agglutinins could be found 
for the organism obtained from the infant with the serum of the 
mother and father. A pet rabbit found in the house was emaciated 
and had snuffles, but a more detailed examination of it was refused. 

CASE 2. A-3063. The patient was a white, female infant born 3 weeks be- 
fore the expected date at 8.50 A.M., Feb. 17, 1934, on the outside obstetrical ser- 
vice of the New Haven Hospital. The mother was a 27 year old multipara. This 
was her fifth pregnancy. There are three children living and well. A spontane- 
ous abortion occurred between the birth of the first two children. Normal 
spontaneous birth of this child was completed 27 hours after the onset of labor. 
Repeated stimulation was necessary to elicit regular and continued breathing, 
after which the child’s color became good. However, during the course of the 
day episodes of labored breathing and cyanosis recurred and the child appeared 
drowsy. Later, on the 2nd day, after a somewhat prolonged attack similar 
to those occurring on the 1st day, it was brought to the New Haven Hospital. 

On admission the child was drowsy and difficult to rouse. Respirations were 


irregular and slow. Cyanosis was present. The percussion note was impaired 
on both sides of the chest anteriorly with dullness in the left axilla. Breath 
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sounds were poorly transmitted and occasional rales were heard. The heart 
sounds were of poor quality; the rhythm was regular. 

The child continued to have episodes of irregular respirations with complete 
cessation for short periods and the heart ceased beating in one of these attacks. 


Pathological Findings 

Postmortem examination was performed one-half hour after death. 
The body of the infant weighed 2050 gm., and measured 45.5 cm. 
There was no evidence of skull injury. Both lungs were atelectatic. 
The spleen was swollen and congested. 

Histologically the lungs showed areas of focal pneumonia and 
bronchiolitis. The liver parenchyma, also, contained foci of ne- 
crosis similar to those described in Case 1. However, a few of these 
foci showed evidence of repair, as manifested by an increase in the 
fibroblasts within these areas. Both adrenals (Fig. 2) showed his- 
tologically evidence of focal necrosis and exudation. 

The gross findings in the brain revealed an extensive fresh hemor- 
rhage in the ventricles which extended to the aqueduct of Sylvius 
and into the fourth ventricle. 

Microscopically the blood vessels of the brain were tremendously 
engorged. There was no evidence of meningitic or encephalitic foci 
in the cerebral parenchyma. 

Clinical postmortem cultures procured at the time of death yielded 
a hemolytic Gram-positive bacillus from the heart’s blood. 


CasE 3. A-3074. The patient, a white female infant, was delivered by the 
outside obstetrical service of the New Haven Hospital on Feb. 17, 1934. It was 
the fourth pregnancy of apparently healthy parents. The infant was delivered 
at full term and was born in a normal spontaneous manner, following a labor of 
3 hours. She cried and breathed spontaneously and presented no evidence of 
birth injury. She did well until the 8th day when she rather suddenly refused 
food. A diarrhea developed in the following 24 hours. 

On admission to the hospital there was no evidence of cyanosis, but the 
patient appeared expressionless and drowsy. The anterior fontanelle was not 
sunken. Both ear drums were red and bulging but without discharge. The 
heart and lungs showed nothing unusual. The reflexes showed marked irregu- 
larity and at times were absent. Kernig’s sign was negative. 

The white blood cells increased to 15,450 on the 2nd day after admission, of 
which 93 per cent were polymorphonuclear leukocytes. There was no evidence 
of anemia. Repeated daily blood cultures always showed the presence of a 
hemolytic Gram-positive rod. Spinal fluid, both by direct smear and cultural 
methods, was positive for the same organism found in the blood stream. Cul- 
tures made from the nose, throat, vagina, umbilicus and stools failed to demon- 
strate the presence of this organism at these sites. 

On the 4th day after admission active movements of the extremities devel- 
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oped which were followed by tonic convulsions. Increasing periods of apnea 
and cyanosis appeared, the temperature became subnormal, and the child ex- 
pired on the sth day of its residence in the hospital and the 14th day of its life. 


Pathological Findings 

The postmortem examination performed 4 hours after death pre- 
sented the following findings. 

The body was that of a well developed infant weighing 3155 gm., 
and measuring 54 cm. A few petechial hemorrhages were observed 
beneath the pleural surfaces of both lungs. Otherwise there was no 
gross evidence of other change within the lung tissue. The spleen 
was large, swollen and markedly congested. 

Histologically, similar focal zones of necrosis, such as were ob- 
served in the previous autopsies, were widely distributed through- 
out the liver parenchyma. The sinusoids of the spleen were engorged 
with blood and large hemorrhages were present. The umbilical cord 
showed no histological evidence of infection. 

On gross examination of the brain a thick green exudate was ob- 
served in the subarachnoid space covering the medulla, pons and 
parietal lobes. Both lateral ventricles were filled with a similar type 
of exudate which extended into the aqueduct of Sylvius (Fig. 3) 
and completely occluded the lumen. A suppurative ependymitis 
was observed in both lateral ventricles. 

Histologically there was an extensive suppurative meningitis, 
ependymitis and choroiditis. The process extended into the cerebral 
parenchyma from the arachnoidal and ependymal linings by way of 
the vascular sheaths. These vessels were surrounded by an exudate 
comprised of polymorphonuclear leukocytes, lymphocytes and 
plasma cells. Hemorrhage was present in all sections. A gliosis 
(Fig. 4) involving all the glial elements occurred in association with 
the necrotizing process. 

At postmortem a hemolytic Gram-positive bacillus was cultured 
and demonstrated by stained smears in the heart’s blood and viscera, 
including the brain. 

The epidemiological studies of the family showed the mother to 
have had a cold several weeks before birth of the child. The father 
and five children were healthy and free of respiratory infection. 
However, cultures prepared from the posterior pharynx of all the 
family yielded a few colonies of Streptococcus hemolyticus and 
Hemophilus influenzae, besides the usual mouth flora. Likewise, 
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serological examinations of the family revealed no agglutinins for 
the organism isolated from the infant. No significant findings were 
obtained by examination of water and milk used in the household 
or of the saliva and feces of the pet dog. 

CasE 4. A-3167. This patient was a 53 year old, white male who was 
brought to the New Haven Hospital on June 27, 1934. The immediate illness 
began in March, 1934, when he developed a bilateral otitis media. Two weeks 
before admission the left ear became very painful and the patient had a severe 
headache which persisted until he came to the hospital. 

On admission he was uncoéperative and at times irrational. A purulent dis- 
charge from the left ear was manifest. There was marked tenderness over the 
left mastoid. No stiffness of the neck could be elicited. Reflexes were absent 
and there was a loss of sense of position of the feet. An X-ray examination of the 
mastoid showed bilateral mastoiditis with evidence of marked destruction of 
the petrous bone on the left. On the 6th postoperative day, following a mastoid- 
ectomy (left), the patient developed signs of meningitis. A second operation re- 
vealed an abscess of the petrous apex from which Pneumococcus Type III was 
obtained. The laboratory findings were compatible with an acute infection. 
The blood became positive for Pneumococcus Type III and death occurred on 
the oth day after the operation. 


Pathological Findings 


Postmortem examination performed 2 hours after death presented 
the following findings. 

The body was that of an emaciated white male, weighing 52 kilos 
and measuring 178 cm. A serosanguineous exudate drained from 
the operative incision of the left ear. The superficial lymph nodes 
were enlarged. Both lungs were voluminous because of congestion 
and edema. Histologically both lungs showed evidence of focal 
pneumonia and bronchiolitis. 

The cortical surfaces of the brain were covered by a thick green 
exudate within the subarachnoid space. Microscopically this ex- 
udate was comprised of polymorphonuclear leukocytes, but showed 
no extension into the cerebral parenchyma. 

The heart’s blood and viscera, including brain, contained a Pneu- 
mococcus Type III. In addition, a hemolytic Gram-positive bacillus 
was procured from the brain, liver and both kidneys, but not from 
the heart’s blood or spleen. This bacillus was demonstrated in the 
meningeal exudate by stained smears. 


DISCUSSION 


The clinical and anatomical findings in the 4 cases described above 
have several factors in common. A new pathogen belonging to the 
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genus Listerella has been readily obtained from the heart’s blood or 
viscera in all 4 cases. The organism has been grown by the usual 
culture methods and has been demonstrated readily by the Gram 
stain in the various tissues. Cultural, serological and pathogenic 
properties of these strains are described in another communication.’ 

In all 4 cases the anatomical lesions involved the liver and in the 
3 cases in which the central nervous system was examined lesions 
were revealed in the tissues. Otherwise, there were no clinical or 
anatomical manifestations that would permit a differentiation of 
this infection from other infectious processes without careful bac- 
teriological studies made either during the clinical course of the 
disease or at postmortem. 

Confusion in a bacteriological diagnosis may arise from two 
standpoints. First, since this bacillus is markedly hemolytic on 
blood agar plates and in blood broth, and since it has a tendency to 
form short chains in meat infusion broth, particularly when freshly 
isolated from the tissues, it may be mistakenly called a Streptococcus 
hemolyticus. Second, it has some of the characteristics of the diph- 
theroids and consequently may be overlooked as a non-pathogenic 
organism. Since careful morphological, cultural and pathogenic 
studies are required for identification of this new pathogen, a more 
detailed comparative study with some related organism will be 
forthcoming in a later communication. 

The literature contains isolated reports in which Gram-positive 
becilli or diphtheroids have been described in association with 
meningitis. The description of the cultural and pathogenic proper- 
ties of many of the strains is inadequate but in a few instances suffi- 
cient data are available to exclude identification with the organism 
under consideration. In an epidemic of meningitis occurring in in- 
fants, Atkinson ? isolated a Gram-positive bacillus which may be 
similar to the one herewith described, although a more detailed 
cultural, serological and pathogenic study would be necessary before 
relationship could be established. Schultz, Terry, Brice and Geb- 
hardt,* however, have recently described the isolation of an organ- 
ism from a non-fatal case of meningo-encephalitis occurring in an 
adult, which has proved to be identical morphologically, culturally 
and serologically with the hemolytic Gram-positive bacillus isolated 
from these 4 cases. 

The latter fact is of importance since it is hardly a coincidence that 
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the same organism should be isolated in 4 separate fatal cases here, 
and also by observers in California. Moreover, Jones and Little,‘ of 
Princeton, and Seastone * recently isolated and described a similar 
organism associated with a suppurative meningitis in cattle. 
Through the courtesy of these investigators,” *’* it has been possible 
to study transplants of their strains and they have been found to be 
identical, both culturally and serologically, with those isolated from 
the 4 cases included in this report. A possible source of the infection 
in man through the milk supply is suggested in view of the isolation 
of the same organism in suppurative meningitis of cattle. 


SUMMARY 


A hemolytic Gram-positive bacillus of the genus Listerella has 
been isolated from each of 4 fatal human infections. Three of the 
individuals were newborn infants and the fourth an adult. 

The clinical symptoms and anatomical changes presented by the 
fatal cases are briefly described. 
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DESCRIPTION OF PLATE 


PLATE 39 


Fic. 1. Case 1. Focal zone of necrosis in liver. x 70. 

Fic. 2. Case 2. Focal zone of necrosis in adrenal. x 70. 

Fic. 3. Case 3. Suppurative meningitis with occlusion of fourth ventricle. 
X 70. 

Fic. 4. Case. 3. 


Suppurative meningitis with marked glial proliferation. x 7o. 
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MALIGNANT TERATOMA OF THE MEDIASTINUM * 


REPORT OF A CASE AND REVIEW OF 24 CASES FROM THE 
LITERATURE 


Joun D. Houcarton, M.D. 
(From the Mallory Institute of Pathology, Boston City Hospital, Boston, Mass.) 


I. REPORT OF CASE 


This case is of interest because of the rarity of the primary lesion, 
the somewhat unusual nature of the metastases, and the pertinent 
associated findings in the testis. 


Clinical History: I. P. (Hospital No. 720023), a 22 year old, white American 
farmer, native of Athol, Mass., entered the Boston City Hospital June 6, 1933, 
complaining of intermittent dry cough for 10 months and stabbing pain in the 
region of the lower right ribs for 4 weeks. The pain radiated to the upper chest 
and shoulder and had become so severe as to make it hard to take a breath. 

The father died at 62 of “‘cancer,’’ the mother at 54 of diabetes, and one brother 
died in infancy. Two brothers and three sisters are alive and well. The patient 
had had measles, chickenpox, whooping-cough and mumps in childhood, with 
tonsillitis 6 or 7 years previously. Eight months ago he broke his right wrist, 
which healed satisfactorily. Six weeks ago he underwent an operation for ap- 
pendicitis, at which time an appendix showing relatively little pathology was 
removed. Since then his appetite had been poor, he had lost 25 pounds in 
weight (165 to 140), and had been running a low fever. Otherwise he had been 
strong and healthy and “‘on the go” all the time, except that he had always 
been “‘short-winded.” 

Physical examination revealed a well developed, well nourished young man 
with bulging of the right chest anteriorly between the third and fifth ribs, right 
inspiratory lag, flatness anteriorly and bronchial breathing posteriorly. There 
was a slight inspiratory wheeze. The heart was pushed to the left, and an apical 
systolic murmur was present. Electrocardiogram showed low T; and right 
ventricular predominance. The urine, blood and Kahn tests were negative. A 
white blood cell count reached 15,000 on one occasion, temperature not over 
1o1° F. A chest plate revealed a large, rounded tumor mass emerging from the 
mediastinal shadow into the right chest cavity (middle two-thirds) and a small 
one emerging on the left. 

Two courses of X-ray treatment were ineffective and the patient was read- 
mitted August 13 with a complaint of continued right-sided chest pain and 
brassy cough. A gradual downhill course was accompanied by low-grade fever 
(up to 100° F.) and enlargement and tenderness of the liver, edema of the neck, 
face and arms, dyspnea, orthopnea and cyanosis. The heart and trachea were 
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displaced to the left. Pressure on the superior vena cava was evident. A suicidal 
attempt with razor blades was unsuccessful. 

Three chest taps yielded a total of 2400 cc. of amber blood-tinged fluid with 
a specific gravity of 1.018, total protein 4 mg. per cent, and 11,000 red blood 
cells. The urine was negative. The blood showed 4,200,000 red blood cells. 
The hemoglobin was 76. A slight hemoptysis occurred on one occasion. 

Abdominal nodules were thought to have been felt but the patient was 
markedly constipated. 

Venous engorgement increased in the neck and face, the scalp as well as the 
lower legs becoming edematous. Breathing became difficult and stertorous, his 
strength failed and coma was followed by death Sept. 3, 1933. 

The clinical diagnoses were: primary mediastinal tumor, (?) lymphosarcoma, 
and (?) sarcoma with metastases to liver and abdominal nodes. 

Unfortunately the possibility of teratoma was not considered and no hor- 
mone studies were done. 


Postmortem Examination | 


Autopsy (No. 33-519) was restricted to examination through an 
abdominal incision. 

Body: The body was that of a well developed, well nourished 
male, 175 cm. in length, with normal masculine habitus. Arms and 
shoulders were moderately edematous, the face slightly cyanotic. 
The breasts showed no external abnormality or enlargement sug- 
gestive of any degree of gynecomastia. A healed right rectus ap- 
pendectomy scar was present. 

Peritoneal Cavity: No fluid, enlarged lymph nodes or tumor masses 
were seen. The liver was greatly enlarged, the edge 12 cm. below 
the right costal margin with the diaphragm at normal level. The 
appendix was absent. 

Pleural Cavities: 700 cc. of opalescent yellowish fluid were present 
in the right cavity. A large, rounded, solid, gray tumor mass of pre- 
dominantly fibrous consistence occupied most of the upper anterior 
two-thirds of the mediastinum and right pleural cavity, projecting 
slightly into the left. It measured 18 by 14 cm., was 12 cm. in its 
greatest anteroposterior thickness, weighed 1590 gm. and was dis- 
crete, encapsulated, and firmly fixed to the sternum and anterior 
wall over an area about 8 by 7 cm., from which it could be freed 
only with the knife. This mass adhered widely to the upper and right 
side of the pericardium and hilic region of the right lung, pressed 
strongly downward on the great vessels and trachea above, overlay 
the aortic arch, and partly surrounded the right innominate vein. 
Separation from all but the first and last of these structures was 
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effected by blunt dissection. Precise observation of the relations 
was impossible through the abdominal incision. 

Several large nodules or lobulations projected from the mass, and 
at one such point on each side the tissue was hemorrhagic and the 
capsule frayed. A single, white, fibrous implantation nodule oc- 
curred on the lower right parietal pleura laterally (1.5 cm. in diame- 
ter) and two more (0.4 and o.9 cm.) on the lower lobe of the left 
lung; a fourth and larger nodule (3.5 cm.) on the anterior aspect of 
the right middle lobe extended well into the lung. 

Multiple sections of the tumor mass showed it to be largely solid 
throughout with no evidence of segmentation or differentiation of 
organoid complexes. The cut surface presented many fine lobula- 
tions of heterogeneous tissues separated by narrow fibrous trabeculae 
— many yellow fatty spots (0.5 to 1 cm.), scattered hemorrhagic 
points, an occasional small cyst with clear gray fluid, and rarely a 
group of projecting nodules of cartilage 1 mm. in diameter. The 
stroma and bulk of the tissue was fibrous, pinkish gray, bulging and 
resilient. 

Heart: Slightly subnormal in size (weight 260 gm.). The pul- 
monary and aortic valve orifices were proportionately small (5.8 
and 5.4 cm. in circumference respectively). Traces of atheroma 
were present in the coronary arteries and above each aortic sinus. 
No ventricular hypertrophy was present. 

Lungs: Weight of right 340 gm., left 480 gm. The right lung was 
small, the lower lobe almost totally atelectatic (believed to be due 
to hydrothorax); the upper lobe was pink and crepitant. Three 
tumor nodules were present, as noted. An encapsulated, fibrous 
tumor mass 4 by 1.3 cm. was present lying along the bronchus of the 
right middle lobe, apparently a metastasis arising in the peri- 
bronchial lymphatics. The left lung was crepitant throughout, with 
some congestion at the base. The trachea and bronchi were moder- 
ately reddened. 

Spleen: Weight 210 gm. Slightly firm and cut surface dark red. 

Gastro-Intestinal Tract: Negative. 

Pancreas: Negative. 

Liver: Weight 3900 gm. A single, large, round circumscribed 
metastasis, 15 cm. in diameter, was present in the upper outer part 
of the right lobe, where it approached the capsule but produced no 
deformity of the organ. The tissue was fibrous, pinkish gray, 
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bulged from the cut surface and was concentrically arranged. A 
few, slightly hemorrhagic areas, and a single, sharply defined yellow 
band of necrosis were seen centrally. Rare bits of cartilage and bone 
or calcified material were felt. The liver tissue was a uniform pale 
brown color. 

Kidneys: The combined weight was 365 gm. Marked conges- 
tion was present. 

Adrenals: Small. 

Bladder and Ureters: Negative. 

Prostate: Not enlarged. No histological examination was made. 

Testes: Of equal size, firm and symmetrical, but distinctly small 
(2.3 by 1.4 cm.). The cut surface was a uniform pale brown. The 
tubules failed to string out properly when picked up with the for- 
ceps. A single median section was made through each testis, and a 
few additional cuts. From the uniform pliable consistence and even- 
ness of the thin halves when laid flat it was felt most probable that no 
tumor of other than decidedly minute proportions could be present. 

Penis: Of normal size. 

Aorta: Narrow and thin-walled throughout. A small patch of 
atheroma was present in the lumbar portion. 

Vertebral Marrow: A poorly demarcated grayish area 2 cm. in 
diameter was present in an upper lumbar vertebra. Elsewhere the 
marrow was a uniform red color. 

Because of the autopsy restrictions no examination was made of 
the thyroid, brain or pituitary. X-rays of the humeri, bones of 
both shoulders, femora and pelvis showed no abnormality. 


Microscopic Examination 


Heari: Negative. The muscle fibers are narrow, the nuclei not 
swollen. 

Mediastinal Tumor: Teratoma of complex type with derivatives 
of all three embryonic layers. It consists largely of fairly well 
differentiated fibrous stroma, mesenchyma-like in places, through 
which are scattered a variety of other tissue elements. Islands of 
fetal cartilage and solid acini of stratified epithelium are prominent. 
The stroma shows none of the signs of rapid growth, and in a few 
places contains fairly dense hyaline collagen which has presumably 
been present for a considerable time. 
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Other elements found include acini of columnar epithelium of 
intestinal type (with goblet cells), thickly stratified epithelium of 
neural tube type with an inner ciliated layer, ganglion cells and 
nerve fibers, bone and osteoid tissue, adult and embryonic fat, 
cystic spaces lined with simple cuboidal mesothelium, and endothe- 
lium-lined spaces with associated smooth muscle or hyaline material. 
In one small area narrow epithelial cords with occasional mitotic 
figures are growing in young fibrous stroma, suggesting scirrhous 
carcinoma. Other parts show edema, necrosis or hemorrhage, usu- 
ally of slight degree. 

No areas of either chorionepithelioma or embryonal cell carcinoma 
are found. 

Right Peribronchial Metastasis: The appearance is similar to the 
main tumor: fibrous stroma, cartilage, bone, fat, mesothelium- 
lined spaces, and five different types of epithelium, including intes- 
tinal, are present. 

Lung: Areas of bronchopneumonia are seen. Alveoli in places are 
lined with a thick layer of eosinophilic material, perhaps dried 
serum. 

Tumor implant of complex constituents as above, including 
cartilage, intestinal epithelium, and so on, is present. 

Spleen: Slight chronic passive congestion is present. 

Liver: Metastases, again of the same complex type, composed 
chiefly of slowly growing fibrous stroma and containing most of the 
elements found in the mediastinal mass are seen. The liver paren- 
chyma is normal. 

Pancreas, Kidney and Adrenal: Essentially negative. 

Testis: Marked atrophy of tubules and hyperplasia of inter- 
stitial cells are present in both testes. The atrophy is of the post- 
pubertal type, most of the tubules showing complete disappearance 
of both spermatogonia and supporting cells; the tubules persist in 
only very few places and no spermatozoa are present. From one 
to four tubules with persistent supporting cells occur in about two- 
thirds of the lower power fields (10 X objective). The interstitial 
cells extend diffusely among the tubules (Fig. 3), and frequently 
form large solid nodules up to 1.5 mm. in diameter (Fig. 4). 

Vertebral Marrow: The gray area noted consists of a single com- 
plex teratomatous metastasis, of the same type as the others, ex- 
tending centrifugally among the bone spicules with a poorly defined 
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advancing margin and no encapsulation. Intestinal epithelium is 
present, also fetal cartilage, cystic spaces, connective tissue, and 
so on. The myeloid tissue is normal. 


Comment 


The complex constitution of the various metastases in this case 
indicates dissemination at one time or another from a primary 
focus of essentially totipotential cells. 

In view of the considerable uniformity in degree of differentiation 
and apparent rate of growth in the different metastases, the rela- 
tively small size of the pleural implants might be taken to indicate 
that they are of comparatively recent origin. 

If such be the case, totipotential cells must have persisted as part 
of the main tumor. We do not, however, find any cells of totally 
undifferentiated appearance in the existing primary mass. The less 
differentiated spindle cells of the stroma would seem to be the only 
ones that could possibly be implicated. 

Was the bilateral testicular atrophy due to mumps? The chances 
are 23 to 1 against a complicating orchitis in this disease when it 
occurs during childhood.' Bilateral involvement would be still 
more unlikely. Secretion by the tumor of a hormone or hormones 
directly or indirectly antagonistic to the spermatogenetic tissue is 
a more probable cause. 


Résumé 


A 22 year old white male with a history of to months duration of 
chest symptoms (and of always having been “short-winded”’) de- 
velops mediastinal obstruction and eventually dies, apparently from 
mechanical strangulation by a large tumor. Autopsy reveals a 
1590 gm. solid teratoma of the mediastinum, with pleural implants 
and metastases of a uniformly complex type in lung, liver, vertebral 
marrow and a peribronchial node. There is an associated marked 
atrophy of the tubules of both testes with great interstitial cell 
hyperplasia. No chorionepithelioma occurs either in the primary 
tumor or in any of its metastases. The heart, aorta, adrenals and 
testes are of small size. A right hydrothorax is accompanied by 
atelectasis of the right lower lobe. 
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II. REVIEW OF LITERATURE 


The subject of intrathoracic dermoid cysts and teratomas (191 
cases) has been reviewed with exceptional thoroughness by Hed- 
blom.? The increasing number of reports in the literature tend to 
give a false idea of the frequency of the condition. Hare* found 
only 11 cases out of 288 mediastinal tumors (including secondary 
metastatic growths). Of 155 thoracic tumors in the Chest Tumor 
Registry up to February, 1935,‘ there were 7 dermoid cysts, of 
which 1 was a true teratoma. 

Collections of the reported cases, with brief details of each, and 
summaries covering the age and sex incidence, symptoms, location, 
course and prognosis of these tumors, have been made by Morris,® 
Hertzler,6 and Lambert and Knox.’ A classification according to 
structure from the study of 100 cases is given by Williams.® 


Theories of Origin 


Most extragenital teratomas, according to Ewing, probably 
arise from aberrant sex cells, which may occur anywhere along the 
entire length of the embryonal entoderm.’ On the other hand, 
origin from an isolated blastomere (one of the cells or groups of 


cells in the morula resulting from the earlier divisions of the 
fertilized egg) would account for the general or special tissue con- 
stitution of a growth by assuming earlier or later isolation. Aber- 
rant sex cells, however, have actually been found in the embryo, 
whereas isolated blastomeres of this sort have not been identified. 

Origin by inclusion of a fertilized polar body or of a second fertil- 
ized ovum (bigerminal origin) has been proposed, but according to 
Budde ”’ a true fetal inclusion should develop metameric segmenta- 
tion, which has not thus far been observed in any intrathoracic case. 
A supposed fetal inclusion is described by Harrington." 

Fortuitous budding of superfluous tissue in the embryo probably 
accounts for certain tumors or rests composed of local tissue com- 
plexes only. 

The testis and ovary are the commonest sites of teratomas. Func- 
tional accessory testicular tissue has been found at the root of the 
mesentery by Staemmler.” Symeonidis ™ has described a retro- 
peritoneal chorionepithelioma apparently arising from a super- 
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numerary abdominal testis, and Staemmler considers the possibility 
of mediastinal tumors arising from an intrathoracic testis. Whether 
or not accessory testicular tissue may develop as a compensatory 
hyperplasia resulting from testicular atrophy remains to be demon- 
strated. At all events no testicular tissue has as yet to my knowl- 
edge been found in the thorax, either by itself or as part of a tera- 
toma.* 

Origin of mediastinal teratoma by metastasis from a minute 
primary testicular tumor is discussed below. 


Relationship of the Different Forms 


Hedblom distinguishes three types of teratoma: (1) the epider- 
moid cyst, containing only ectodermal derivatives; (2) the dermoid 
type, from ectoderm plus mesoderm; and (3) the true teratoma, from 
all three embryonic layers. Of 120 cases with microscopic examina- 
tion, 42 were of the first type, 40 of the second, 38 of the third. Esti- 
mated by the gross appearance of additional specimens, more than 
half of the 184 classified cases were purely epidermoid. 

The principle of overgrowth of one type of tissue with suppres- 
sion of others probably accounts for many unidermal tumors which 
presumably started from totipotential sex cells. Since the early 
embryo is largely composed of ectoderm, overgrowth of this layer 
is believed a natural consequence (Ewing). 

Probably occasional purely mesodermal and entodermal tumors 
of teratomatous derivation in the mediastinum have passed as of 
unexplained source. Among these may be placed some of the 
fibromas, cystic lymphangiomas, complex sarcomas, and undiffer- 
entiated blastomas of the literature. (In the testis all chondromas 
are teratomatous according to Ewing.) 

Intergradation among teratomas occurs not only in the number 
of tissues present (simple to complex), but also to a considerable 
extent in the gross form (simple cysts, multilocular cysts with solid 
areas, and solid masses with small cysts). It likewise occurs with 
respect to the degree of differentiation and rapidity of growth. 
Differences in the last two characteristics occur even in the same 
tumor, in which areas of embryonal cell carcinoma or of chorion- 
epithelioma may be found along with a complex adult type of growth. 


* Ovary-like tissue was found by Gordon." 
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Chorionepithelioma, according to Ewing, is merely the embryonal 
equivalent of adult ectoderm. True extragenital chorionepithelioma 
probably always arises in teratomatous tissue.® 

A genetic continuity may thus be conceived between the various 
types of growth. This concept is further supported by physiological 
evidence in the work of Ferguson,* who found prolan excretion in 
all actively growing types of testicular teratoma, varying according 
to the degree of differentiation. 


Malignancy 


Askanazy" divided teratomas into two classes: (1) an adult or 
coetaneous type, cystic, composed of well differentiated tissues of an 
age apparently equal to that of the host; and (2) an embryonal type, 
solid, of young growing tissues with great inherent power of prolif- 
eration. The first type, illustrated by the common ovarian dermoid, 
becomes malignant by late secondary degeneration, usually as 
squamous cell carcinoma, which is thus a “tumor within a tumor.” 
The second type may behave at first as a benign tumor but grows 
on until pressure effects, invasion, or metastases supervene. The 
metastases may be complex, with all the tissue components of the 
primary tumor, or composed of one or two elements only. The case 
presented above fits fairly well into the second category, but it 
must be admitted that this classification is useful only as a general- 
ity. Willis 1* has pointed out that intermediate forms exist and no 
sharp distinction can be drawn. 


Intrathoracic Cases 


Hedblom found that in 191 dermoid cysts and teratomas 17 (8.9 
per cent) were malignant. Subsequently reports of 25 more der- 
moids have been published, including this one, making 216 in all. 
I have found in the recent as well as the older literature 24 cases 
of malignant intrathoracic tumors originating in (or at least very 
closely associated with) teratoid tumors, to which the case here 
reported is added, making 25 in all. 

They are arranged here in groups roughly according to gross 
characteristics of the primary tumor (solid or cystic) and type of 
metastasis, if any. No review of the histological material has been 
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made, nor has any grouping into embryonic or adult types been 
attempted on the basis of the histology described, inasmuch as there 
is no uniformity in the method or thoroughness with which the 
tumors were examined. 


Group I. Cases with Solid or Predominantly Solid Tumors 
(A) With Metastases 
(1) of Multiple Components 

1. Virchow.!® Male. Age 22 years. Solid tumor 20 by 21 by 13 cm., the 
smaller half cystic. Complexity of tissue elements. Areas of sarcomatous and 
carcinomatous appearance. Metastases to liver, spleen, kidneys, and third left 
rib. Rib metastasis of many elements, as in primary tumor; had grown to 
pigeon’s egg size in 5 weeks. 

2. Becker and Carey.” Male. Age not given. Solid tumor 30 by 20 by 10 
cm. Very cellular — cartilage, mesenchyma, glands, areas of necrosis and hem- 
orrhage. Liver nodules (1 cm. in diameter) composed of loose reticulum with 
cysts and glands of cuboidal, columnar and ciliated epithelium. 

3. Houghton. Male. Age 22 years. Solid tumor 18 by 14 by 12 cm. No 
definite histological malignancy. Metastases of complex nature in pleura, 
lungs, bronchial node, liver and vertebral marrow. (Reported above.) 


(2) of One Component Only 

4. Warthin.” Male. Age 26 years. Solid tumor size of child’s head. Com- 
plex, with nervous tissue, rudimentary teeth, cartilage, and so on. Cellular 
areas, part sarcomatous and part carcinomatous; some “syncytial formation.” 
Pericardium and epicardium studded with carcinomatous nodules. 

5. Bull. Male. Age 17 years. Solid tumor 15 by 15 cm. with several egg 
sized cysts. Complex. Areas of irregular epithelial proliferation. Metastases to 
lungs, liver, supraclavicular, infraclavicular and left axillary nodes as adenocar- 
cinoma. 

6. Pol. Male. Age 28 years. Solid tumor 12 by 15 by 7 cm., with smaller 
area of cysts up to pea size; smooth muscle, cartilage and ciliated epithelium, 
without epidermal elements. Solid epithelial cell nests; stroma sarcoma-like 
in places. Metastases to lower cervical nodes: “epithelial blastoma, probably 
adenocarcinoma.” 

7. Schiitt.* Male. Age 19 years. Solid tumor 17 by 12 by 11 cm., partly 
soft and hemorrhagic. Complex. Adenocarcinoma and alveolar sarcoma, both 
invading vessels. Implants on the right lung, nodules on pericardium (histology 
not described). 

8. Rolleston.2® Male. Age 20 years. Soft, solid, hemorrhagic, partly cystic 
tumor 7 by 6 inches (about 18 by 15 cm.). Cartilage and bronchial epithe- 
lium, sarcomatous areas of small round cells and oval or spindle-shaped cells 
(some “possibly epithelial’). Diagnosis: ‘‘chemorrhagic adenochondrosarcoma.”” 
Invasion of pericardium and superior vena cava. A few hemorrhagic nodules 
in the lungs. Testes small; microscopically “interstitial increase and thicken- 
ing of the basement membrane of the seminiferous tubules.” 

9. Rose. Male. Age 55 years. Solid tumor 23 by 14 by 12 cm., with cen- 
tral degeneration and cyst-like cavities. Cartilage, small cysts with ciliated 
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epithelium. Cellular sarcomatous areas; cells irregular, moderate sized with 
pale nuclei and abundant cytoplasm. Multinucleate cells resembling Dorothy 
Reed type. Metastases to lungs, pleura, pericardium, regional nodes, thyroid 
and left adrenal. “Probably thymic” in origin. 


(B) Without Metastases 


to. Lindstedt.” Male. Age 32 years. Solid tumor 22 by 18 by 9 cm. Com- 
plex. Brownish mushy areas. Round cell, spindle cell and alveolar sarcoma, 
adeno- and medullary carcinoma. Syncytial cells. Areas of necrosis. Superior 
vena cava invaded, containing a tumor mass 4 cm. long composed of loose 
papillomatous connective tissue and cysts (up to pea size) lined with high colum- 
nar epithelium. 

11. Sieber.28 Male. Age 16 years. Partly solid tumor 19 by 22 by 11.5 cm., 
with cysts up to walnut size. Complex. No hair or teeth. Carcinomatous and 
sarcomatous areas. Poorly demarcated from left upper lobe with questionable 
invasion. 

12. Stein.2* Male. Age 25 years. Solid tumor 14 by 7 by 6.5 cm. Very com- 
plex. Spindle cell sarcoma with marked polymorphism and giant cells. Rich 
in blood vessels. Colloid carcinoma with signet ring cells. Red necrotic areas. 


Group II. Cases with Cysts or Predominanily Cystic Tumors 
(A) With Metastases 


(1) of Multiple Components 

13. Jores.5° Male. Age 39 years. Cystic tumor 31 by 20 by 16 cm. Hair 
and sebaceous material present. Large cyst 19 by 6 cm. with squamous epi- 
thelial lining; second fist sized cyst with teeth, solid areas with cartilage, sweat 
glands, and so on. Local mass and nodules in lungs and pleura of spindle cell 
sarcoma in which were cystic spaces lined with high columnar epithelium (only 
two components). 


(2) of One Component Only 

14. Ceelen.** Male. Age 33 years. Dermoid cyst of goose egg size with solid 
parts. Hair, sebaceous material, skin, cartilage, smooth muscle, spaces with 
epithelium and colloid material suggesting thyroid. Adenocarcinoma in wall, 
with metastases of similar histology in pleura, lungs, cervical and bronchial 
nodes and liver. Invasion of sternum, where tumor was growing as squamous 
cell carcinoma. 

15. Jacobs.* Male. Age 27 years. Cyst 14 by 9 by 8 cm. with wall 0.2 to 
3 cm. thick. Hair and sebaceous material. Complex. Metastases of adeno- 
carcinoma in lungs, thyroid, cervical and tracheobronchial nodes and meninges. 
Testes grossly normal; histology not described. 

16. Singer.“ Female. Age 38 years. Partly cystic tumor 14 cm. in diameter. 
Hair in one cavity. Complex, with bone spicules and papillary cystic formations. 
Metastases in lungs (histology not described). 

17. Pinders.* Sex and age not given. Cyst of goose egg size containing 
fatty material, 17 cm. in diameter. Solid part composed of lymphosarcomatous 
tissue. Invasion and metastases in lungs. Possible thymic origin. Cyst wall 
fibrous and calcified. 
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(B) Without Metastases 


18. Harrington.** Male. Age 49 years. Multilocular cystic tumor 20 by 18 
by 15 cm. Wall fibrous, with squamous cell carcinoma in situ. Complete re- 
moval at operation. 

19. Terplan.** Male. Age 41 years. Cystic tumor, size greater than fist. 
Hair, bone, derivatives of all three embryonic layers. Area of carcinoma the 
size of a small pea. Two pea and bean sized nodules (dermoids?) in the left 
interlobar septum, fibrous and calcified. 

20. Eiselsberg.*’ Child, age 3 years, sex not stated. Dermoid cyst containing 
bone and cartilage. ‘‘Sarcomatous degeneration.” 


Group III. With Chorionepithelioma * 


21. Ritchie.*® Male. Age 24 years. Solid, large hemorrhagic mass 15 by 
12 by 6 cm. continuous with a dermoid cyst 7 cm. in diameter containing hair 
and sebaceous material. Subsidiary cysts, myxomatous connective tissue and 
fat tissue. Solid part pure chorionepithelioma; metastases as such in lung, 
liver and spleen. “Other organs of body normal.” 

22. Lambert and Knox.’ Male. Age 34 years. Solid, cocoanut sized mass; 
main part honey-combed with small cysts. Very complex teratoid structure. 
Chorionepitheliomatous areas, chiefly in anterior portion, readily located by as- 
sociated hemorrhage. Metastases of pure chorionepithelioma in lungs, bronchial 
nodes, parietal pleura and liver. 

23. Kantrowitz.*® Male. Age 22 years. Solid tumor 8 by 5 by 4 cm. Com- 
posed entirely of chorionepithelioma except for a complex multicystic teratom- 
atous area in the lower pole. Invasion of superior vena cava and left innomi- 
nate vein. Lungs full of chorionepitheliomatous metastases. Marked interstitial 
cell hyperplasia of testes, with atrophy of numerous tubules. Microscopic 
glandular hyperplasia of prostate. No gynecomastia. 

24. Hammarskjéld.*” Male. Age 22 years. Cystic, complex teratoma, fist 
sized, with chorionepitheliomatous growth metastasizing to lungs. 

25. Arendt.“* Male. Age 20 years. Mass larger than fist, of solid chorion- 
epithelioma with a central, round, laminated structure of cornified epithelium. 
Invasion of pericardium. Metastases to lungs and liver. Lymph nodes not 
involved. Interstitial cell hyperplasia of testis, almost tumor-like; complete 
atrophy of tubules. Small adrenals. Female habitus. Marked gynecomastia 
had developed within only 15 days. 


Unproved or Unaccepted Cases (Not Included in Series) 


1. Smith and Stone ® found in a boy of 20 months solid posterior mediastinal 
masses of “papillary cysto-carcinoma” with invasion of the diaphragm and 
retroperitoneal extension. The stroma resembled embryonal mesenchyma. Con- 
ceivably teratogenous. Origin not determined. 

2. Harrington.“ Female. Age 59 years. Large tumor diagnosed cystic 
teratoma by X-ray. Bulging of chest wall for 30 years, increase in size within 


* Syncytial formation, multinucleate cells, two types of cells, or gross hemorrhagic 
areas are also described in the cases of Warthin, Schiitt, Rolleston, Lindstedt, Stein 
and Rose. 
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1 year. Biopsy of supraclavicular node showed squamous cell carcinoma. No 
confirmation of X-ray diagnosis either by operation or autopsy. Source of car- 
cinoma not established. 

3. Fawcett.“ Female. Age 62 years. Solid tumor (type and histology not 
given) with white growth infiltrating the lung. Lower part softened, forming 
an orange sized cyst. Mediastinal glands enlarged with growth. 

4. Griffin.® Male. Age 15 years. Partly cystic tumor. Solid masses 16 by 
8 by 7 and 8 by 8 by 6 removed at operation. Innumerable small cysts, cellular 
connective tissue of fetal type. Histologically appeared “probably not very 
malignant.”’ Clinical recurrence (marked bulging of chest) in 2} months. No 
autopsy. Recurrent tumor presumed to be teratoma. 

5. Loewenmeyer.“ Male of unspecified age. Tumor of the size of a child’s 
head occupying most of the left chest, adherent to lung, pericardium, diaphragm; 
contained cysts, hair, cartilage, and so on, and “sarcomatoid” and “‘carcinoma- 
toid”’ tissue (Williams *). Thrombosis of right innominate vein because of com- 
pression. No mention of extracapsular extension or frankly malignant histology. 

6. Black and Black.” Male. Age 46 years. Tumor largely solid; cystic 
portion containing fluid and cheesy material encountered at operation. Biopsy 
showed teratoma with “‘a few carcinomatous cells.” No autopsy. 

7. Helbing.** Male. Age 23 years. Solid tumor 21 by 10 by to cm. in posi- 
tion of left lung. Complex, with small epithelial cysts, cartilage, giant cells, 
lymphoid cells. Extensive growth as “rhabdomyoma.” 

8. Pohl.4? Female. Age 1 year. Solid mass (with small cysts) 12 by 5 by 4 
cm. in the right upper lobe region; extending around (but not invading) the 
great vessels. Complex, with well differentiated tissues, hair and sebaceous ma- 
terial. Proliferating epithelial structures but no definite histological evidence 
of malignancy. 

9. Krassnianskaya. Male. Age 72 years. Mass of chorionepithelioma at 
hilum of left lung. Metastases in many organs including retroperitoneal nodes. 
No teratoma found. Although the testes were excluded as a source by exami- 
nation in very thin sections, a retroperitoneal origin appears possible. The 
hilic mass could perhaps have arisen by extension from metastasis in a node. 

to. Frank.*' Male. Age 21 years. Necrotic mediastinal mass with metas- 
tases of chorionepithelioma in lungs and liver. No teratoma found. Probably 
primary in the mediastinum, but this could not be proved because of failure 
to examine the testes. 


Comment 


In Pinders’ case it is possible that the lymphosarcoma arose in the 
thymus quite independently of the dermoid cyst, which would then 
have become involved only because of its close juxtaposition. 

Histological demonstration of the malignant element arising 
within the teratoma appears to have been lacking in the cases of 
Jacobs and Singer; it is best described in those of Ceelen and Har- 
rington. Bronchiogenic carcinoma should be carefully ruled out 
wherever the malignant element is epithelial. 

Location of the primary tumor on or in the position of the lung, 
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rather than chiefly within the mediastinum, occurs in the cases of 
Harrington and Eiselsberg (also Helbing and Pohl). 

A number of tumors of grossly benign appearance (cases of Loe- 
wenmeyer, Black and Black, Griffin, Helbing, Pohl) have shown 
microscopically areas of rapidly growing embryonic tissue more or 
less simulating malignancy. Perhaps the case of Terplan also be- 
longs in this category. Diagnosis of malignancy in the usual sense 
should be made with particular caution in these tumors. 

The tumor in Jores’ case may be cited as an example of an inter- 
mediate form between Askanazy’s two classes — it is cystic, with 
well differentiated elements of the adult type (teeth, hair, sebaceous 
material), yet exhibits metastases of two components as in the 
embryonic tumors. 

The possible danger of incomplete surgical removal is seen in the 
rapidly recurrent and fatal growth in Griffin’s case. 


Age 


The average age in 23 of the 25 cases was 273 years. (In 2 no age 
was given.) The youngest was 3 years, the oldest 55 years. In 14 
cases it was between 16 and 28 years. Four of the 5 chorionepithe- 
lioma cases were between 20 and 24 years. 

The distribution is further shown as follows: 

O-4 5-9 10-14 I5-19 20-24 25-29 30-39 40-49 50-59 
I fe) re) 3 7 4 5 2 I 

In Hedblom’s series (both benign and malignant teratomas) the 
age was between 17 and 30 years in 523 per cent of the 175 cases 
given, comparing with 61 per cent for this group. A much larger 
proportion (14.8 per cent) of his cases were in the youngest group 
(o to 12 years). 

In teratomas of the testis (61 cases of Chevassu™), 38 per cent 
were between 20 and 30 years, whereas 29.5 per cent were between 
30 and 40 years — a somewhat older incidence. 


Sex 


Only 1 of 23 cases was a female. (The sex was not specified 
in 2.) More than half (53.8 per cent) of Hedblom’s were in fe- 
males. 

All of the chorionepitheliomas were in males. 
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Duration 


Because most of these tumors are operated on as soon as dis- 
covered, observations over a period of years to determine the rate 
of growth have rarely been made. 

None of the cases in this series was followed by repeated X-ray 
examination for any significant length of time, and the duration, 
as indicated by symptoms or signs, is quite variable and unreliable. 
In 12 cases it averages 43 months, varying from 2 weeks to a year. 
This period represents the final onset of definitely attributable symp- 
toms leading up to terminal hospitalization. Actual duration is 
undoubtedly a matter of years in many if not in the great majority 
of the cases. Three had suspicious but not definitely attributable 
episodes 3, 6, and 19 years previously (Jores, Terplan, Lindstedt). 
In 3 additional cases (Bull, Singer, Harrington), the duration was 
2, 5, and 4 years respectively, bringing the average for all the avail- 
able non-chorionepitheliomatous cases to slightly over 12 months. 
Benign teratomas have been present 10, 13, 24, and 44 years 
(Morris). 

Average duration of symptoms in the 5 cases with chorion- 
epithelioma was about 93 months, varying from 3 to 15. 


Size of Tumor 


The following statements apply to the non-chorionepitheliom- 
atous tumors in adult or adolescent individuals. 

The smallest, fatal non-metastasizing tumor was that of Stein, 
14 by 7 by 6.5 cm. (the size of ‘two fists’’). 

The largest tumor of the series was that of Jores (31 by 20 by 
16 cm.) which included a cyst 19 by 6 cm. and solid malignant 
portions. 

The smallest metastasizing tumor was of goose egg size (8 cm.), 
that of Ceelen. 

Taking the average of the given dimensions of each tumor as the 
mean diameter, the average mean diameter in 16 cases was 15.6 cm. 
Of these 16, 12 metastasized and 4 did not. The average mean diam- 
eter of the non-metastasizing cases was 15.1 cm. Thus, the metas- 
tasizing tumors are found to be actually slightly larger than the 
non-metastasizing at time of death, confirming clinical evidence 


363 
a 
| 


364 HOUGHTON 


that it is the size of the primary mass that is of outstanding impor- 
tance, producing lethal obstructive effects. 

The chorionepitheliomatous tumors varied from fist to cocoanut 
size, the mass in the latter case being composed mainly of solid 
teratoma. 


Gross Form 


Of 20 tumors without chorionepithelioma, 8 were essentially 
solid; small cysts, if present, were no greater than pea to hen’s egg 
size. Three were predominantly solid, 3 predominantly cystic, and 
in 5 there was a single main cyst; to the latter may be added Pin- 
ders’ case in which the primary cyst had been overgrown by lympho- 
sarcoma tissue until the mass was chiefly solid. 

The cases are distributed as follows: 

Solid: Becker and Carey, Houghton, Warthin, Bull, Pol, Schiitt, 
Lindstedt, Stein. 

Predominantly Solid: Virchow, Rolleston, Rose. 

Predominantly Cystic: Jores, Sieber, Singer. 

Cysts: Ceelen, Jacobs, Harrington, Terplan, Eiselsberg, Pinders. 

Fourteen of these 20 tumors had proved metastases; 9 were solid 
or predominantly so, and 5 chiefly cystic. 

The experience of Askanazy and the observations of Christian ® 
and Hérnicke,* to the effect that the solid type is more likely to 
become malignant, are thus further supported. 

In the cases with chorionepithelioma a solid teratoma was present 
in 1, cystic tumors in 2. In 2 others only small areas of teratomatous 
tissue were present — solid tissue in 1, an essentially cystic structure 
in the other. 


Nature of Metastases 


Correlation between gross form and histology of metastases is 
afforded by the following table: 


Solid Group Cystic Group 
Carcinoma, unclassified................. I ° 
Sarcoma of questionable type............ I ) 
Histology not described................. 2 
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Secondary Degeneration 


In only 2 cases, those of Harrington and Pinders, does secondary 
malignancy appear to have occurred in a cyst of long standing. In 
those of Ceelen, Jores, and Singer, while all in a slightly older age 
group, the tumor has a complex structure suggesting the embryonic 
type. In such intermediate cases, positive distinction between 
secondary degeneration and the final escape of one embryonic ele- 
ment would offer considerable difficulty. It becomes evident that 
cystic form is no criterion against the embryonic kind of malignancy. 
Eiselsberg’s case (“‘sarcomatous degeneration” of a dermoid cyst 
in a child of 3) may well be of this sort. 


The Testis as a Possible Source 


Symeonidis * has emphasized the importance of very careful ex- 
amination of the testes in cases of supposed extragenital chorion- 
epithelioma. Extensive and large metastases may come from a very 
small primary testicular tumor. In his own case (a male aged 37 
years) he found in the right testis a cystic complex teratoma the 
size of a small cherry which had metastasized to periaortic and peri- 
bronchial nodes, the former then giving rise to chorionepithelioma 


which invaded the vena cava and metastasized to the lungs. Ew- 
ing,®° in a male, 32 years of age, found pea sized nodules of tridermal 
structure extending up along the spermatic cord from a very small 
tumor in the rete; there were abdominal nodes 2 to 6 cm. in diame- 
ter and a mass 10 cm. in diameter, with several smaller ones, in 
the mediastinum (posteriorly, however). Chorionepithelioma was 
present in the rete, with many metastatic nodules in the lungs and 
a mass 7 cm. in diameter in the liver. 

A large mediastinal tumor found 3 years after removal of a 
testicular teratoma is reported by Hammarskjéld.*° The appear- 
ance by X-ray was consistent with cystic teratoma. 

The finding by Prym * of spontaneous regression of a small 
primary testicular chorionepithelioma renders suspicious the pres- 
ence even of a small scar. 

Appreciation of these observations, including the fact that metas- 
tases themselves may be cystic, casts a possible doubt on the 
primary nature, not only of all mediastinal chorionepithelioma but 
of all mediastinal teratomas as well, in those cases in which the 
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testes were not examined. Unfortunately in this series there is 
specific mention of such examination in only 5 cases (Jacobs, Rolles- 
ton, Kantrowitz, Arendt, and our own). 

In 2 of these, however (Kantrowitz, Arendt), very careful ex- 
amination was made and no tumor found. Symeonidis accepts both 
as apparently primary in the mediastinum. 

As pointed out by Kantrowitz,*® not one example of metastasis 
to the anterior mediastinum is mentioned in Greiling’s series of 220 
metastasizing testicular tumors, although the retroperitoneal nodes 
were involved in every case. 

No mention was made of any evidence of tumor in the abdominal 
lymph nodes at autopsy in any of the 25 cases in this series. Ab- 
dominal examination was made in at least 15. 

Of 99 mediastinal teratomas that have been operated on, all but 
16.1 per cent have been cured or improved (Hedblom). Subsequent 
appearance of a testicular tumor or of other metastases has not to 
our knowledge been reported in a single instance. 

Metastasis from the testis as a source of these tumors must there- 
fore be exceedingly rare. 


Interstitial Cell Hyperplasia 


Interstitial cell hyperplasia of the testis has been found associated 
with varying degrees of atrophy of the tubules in many conditions, 
including senility, carcinoma, cachexia and tuberculosis (Kauf- 
mann). It has also been found in cases of hermaphroditism, ovario- 
testis, cryptorchidism, ectopic testis (especially when bilateral*) ; 
in the offspring of crossed pea and guinea fowl; in certain animals 
(having a well marked sexual cycle) during the period of sexual 
activity; in rats fed with anterior pituitary lobe substance; and in 
experimental partial (or unilateral) castration.*® Its occurrence 
following vasectomy or ligation, as found by the earlier investi- 
gators, has since been shown by quantitative methods to be apparent 
rather than absolute. 

That it does not arise simply as a mechanical spatial compensa- 
tion for the shrinkage of the atrophic tubules should be apparent at 
least in this case from the autonomous character of the tumor-like 
nodules (Fig. 4) which do not adapt themselves to the existing struc- 
ture of the tissue. 
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That it can occur in the complete absence of any tubular atrophy 
is shown in Hedinger’s case of testicular chorionepithelioma.*® 

Interstitial cell hyperplasia with testicular teratoma was a con- 
stant finding in the contralateral testis in all of Ferguson’s 5 cases 
with high prolan A excretion. In the series above it was present in 
the cases of Rolleston, Kantrowitz, Arendt, and our own, being 
quite marked in the last 3. 

Hormonal relations of the interstitial cells to the pituitary and 
prostate have been indicated in the experiments of Lower.®° Changes 
in the pituitary, prostate, seminal vesicles, adrenal and male breast 
coexisted with interstitial cell hyperplasia in some of Ferguson’s 
testicular teratoma cases. In the above series, however, prostatic 
hypertrophy was mentioned in only 1 case (Kantrowitz). Small 
adrenals were noted in Arendt’s case and in our own; small testes 
in ours and in Rolleston’s. 

In Arendt’s case there was complete atrophy of the testis tubules. 

The occurrence of interstitial cell hyperplasia in intersexes sug- 
gests the proposition that hormone-secreting teratomas may bring 
about to some degree a comparable physiological condition in per- 
sons originally of normal male sexuality. 

At all events, the case presented above affords circumstantial 
evidence that teratoma of the mediastinum has an effect on the 
interstitial cells of the testis similar to that of teratoma of the 
testis, and that the presence of chorionepithelioma or of embryonal 
cell carcinoma is not necessary to produce this effect. 


SUMMARY AND CONCLUSIONS 


1. A case of solid teratoma of the mediastinum with distant com- 
plex metastases is described. 

2. Theories of origin of teratoma are briefly reviewed and the 
genetic relations of the different types pointed out. 

3. Twenty-four other cases of malignant mediastinal or intra- 
thoracic teratoma have been collected from the literature, together 
with 10 doubtful cases that have not been included in the statistics. 

4. The age of greatest incidence is in the early twenties. 

5. Chorionepithelioma was present in 5 of the 25 cases, and had 
metastasized in every instance. The primary teratoma was over- 
grown and obscure in 2. 
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6. Of 23 cases in which the sex was given, 22 were males. All of 
the patients with chorionepithelioma were males. 

7. The size of the primary tumor is of outstanding importance as 
a cause of death. In 16 cases the average diameter was 15.6 cm. 

8. Large size of the primary tumor is no criterion against the oc- 
currence of metastases. Although chorionepithelioma arose from 
smaller tumors, other types of metastasis came from tumors of size 
slightly larger than average. 

9. Cysts may become malignant. Solid tumors are more likely 
to do so, however. Of 14 tumors with metastases (excluding the 
chorionepitheliomas), 9 were in the solid group, 5 in the cystic. 

10. In the 19 cases with metastases, the latter were of chorion- 
epithelioma in 5, carcinoma in 5 (adenocarcinoma 4, unspecified 1), 
multiple components in 3, two components in 1, lymphosarcoma in 
I, sarcoma in 1, unspecified histology in 3. 

11. Metastasis from the testis must be considered in all instances 
of supposed primary mediastinal tumor and thorough examination 
made of that organ, preferably by many serial sections. 

12. Of the 4 cases in which the histology of the testes is described, 
all showed interstitial cell hyperplasia and 3 showed tubular atrophy 
of moderate or marked extent. In 2 of them, chorionepithelioma 


was predominant, in 1 it was totally lacking. 

13. Confirmation that these changes are all or in part due to one 
or more hormones secreted by the tumor must await clear identifi- 
cation of these hormones and experimental demonstration of their 
effect on the testis. 
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DESCRIPTION OF PLATES 


PLATE 40 


Fic. 1. Primary mediastinal tumor, anterior aspect, measuring 18 by 14 by 12 
cm. and weighing 1590 gm. 


Fic. 2. Cut surface of primary tumor, following fixation, showing the hetero- 
geneous structure with many small cysts, while for practical purposes the 
tumor is essentially solid throughout. The largest cyst (at the left) is 
lined with ciliated stratified epithelium of the respiratory type. The nodule 
at the bottom is deeply hemorrhagic but contains no chorionepithelioma- 
tous tissue. 
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PLATE 41 


Fic. 3. Testis. Representative field illustrating the diffuse nature of the inter- 


stitial cell hyperplasia and complete atrophy of all but two of the tubules, 
in which the Sertoli cells persist. x 60. 


Fic. 4. Testis. Nodule of hyperplastic interstitial cells 0.35 mm. in diameter. 


Many of similar size were present, the largest being 1.5 mm. in diameter. 
X 


Fic. 5. Testis. Interstitial cells growing in the lumen of an atrophied tubule. 


X 150. 
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THE VISCERAL PATHOLOGY IN SCARLET FEVER AND 
RELATED STREPTOCOCCUS INFECTIONS * 


Henry Bropy, M.D., anp LAWRENCE W. SmitH, M.D. 


(From the Pathological Laboratories of the Willard Parker Hospital, Department of 
Hospitals, New York City) 


REVIEW OF LITERATURE 


Our interest in the visceral pathology in scarlet fever was aroused 
by the occurrence of a striking case in an adult presenting severe 
destructive lesions, especially of the liver. As a result our curiosity 
was aroused to the point of making a detailed study of the histologi- 
cal pathology found in the material from all of the autopsies at the 
Willard Parker Hospital performed on patients dying of scarlet fever, 
or where that diagnosis was seriously considered after autopsy. In 
addition, a number of cases of streptococcal infections, either pri- 
mary or secondary, were also utilized for comparative purposes. 
In this paper we are presenting a study of the changes occurring in 
the visceral organs. Suppurative lesions are not included. The 
cardiac lesions will be discussed in a subsequent paper as they seem 
to merit special detailed attention. 

It is known that tissue changes may occur at a distance from the 
primary angina in scarlet fever. But it is only within recent years 
that the concept of generalized toxic manifestations in the various 
organs has been at all appreciated. Such a concept is not widespread 
and its expression is to be found practically only in the continental 
literature. No thorough study of the general changes in scarlet fever 
has appeared in the American literature since Pearce’s study of the 
cases from the Boston City Hospital in 1899. Although he un- 
doubtedly saw the types of lesions that we have found in the larger 
visceral organs, he treated them as isolated occurrences. He did 
not suggest that they represented the effect of a toxic agent, as has 
been recently emphasized by Kuczynski, Huebschmann, Siegmund, 
Fahr, and others. Descriptions of changes in the heart, kidney and 
liver, other than simple degenerations, may be found in the litera- 
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ture for almost 75 years. We believe it is of some interest to trace 
the development of the knowledge of these changes and to stress 
certain aspects of their description, the significance of which has been 
missed until very recently. 

Biermer (1860) reported a case of scarlet fever with interstitial 
infiltration of the kidneys by a lymphocytic type of cell. There was 
present also a suggestion of portal infiltration of the liver. Wagner 
(1867) described 2 cases of scarlet fever with cellular infiltration in 
the interacinous connective tissue of the liver. Coats (1874) pre- 
sented a case of interstitial nephritis in the course of scarlet fever.* 
In 1877 Klein presented a study of the first series of cases. In 23 
autopsies on scarlet fever patients he described renal lesions. The 
earlier changes he described as occurring in the form of cellular 
hyperplasia of the capsular epithelium and hyaline degeneration of 
the elastic intima of the afferent arteries, and also degeneration of 
the tubular epithelium. The later changes, found in all cases where 
the individual died after the 9th or roth day, he described as being 
an interstitial infiltration by round cells, starting as a slight infiltra- 
tion around the large vascular trunks. In 8 cases he also studied the 
liver and found an acute interstitial hepatitis characterized by in- 
filtration by round cells, seen as early as the 2nd day. In 1878 Lit- 
ten presented a case of postscarlatinal glomerulonephritis with com- 
plicating interstitial infiltration in the kidneys. Waller (1880) held 
that interstitial foci of round cells were common in the kidneys of 
patients with scarlet fever. He described the lesions as occurring 
around many of the veins and arterioles of the kidney. The same 
year Wagner described both the glomerular and the interstitial 
types of nephritis in scarlet fever. Leyden (1881), although holding 
that the typical kidney lesion in scarlet fever and diphtheria is a 
parenchymatous one, agreed that foci of small round cells are fre- 
quently found between the tubules and glomeruli. In 1883 Fried- 
lander classified scarlatinal nephritis in three forms: (1) an initial 
catarrhal stage, occurring during the 1st week, of relatively mild 
degree, characterized by cloudy swelling of the epithelium of the 
convoluted tubules, with neither glomerular nor interstitial changes; 
(2) an interstitial septic form, occurring during the 1st week, but 


* Councilman (1898) cites Litzerich (1871) and Kelsch (1874) as describing inter- 
stitial nephritis in the course of scarlet fever. We have not been able to locate the 
papers. 
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also seen in the 2nd and 3rd weeks, and characterized by the appear- 
ance of round cells in the interstitial tissue (this form is associated 
with severe throat lesions and was seen in 12 out of 229 cases); and 
(3) a glomerulonephritis, which he considered the true postscarlati- 
nal nephritis, occurring in the 3rd week, and which he encountered 
in 42 of 229 cases. 

The same year Fisch] described periarteritic changes in the 
small renal vessels in scarlatinal nephritis, and Dunin described 
foci of round cells between kidney capillaries and tubules. Lang- 
hans (1885) described a slight degree of cellular infiltration in the 
walls of the small renal veins. Crooke (1885), in discussing 30 
scarlet fever autopsies, described an interstitial hepatitis, as well as 
the interstitial lesion of the kidney. The latter, he said, was seldom 
to be seen during the 1st week of the disease. Nauwerck (1886) 
described an interstitial infiltration in the kidneys of patients dying 
of diphtheria, as well as of scarlet fever, as did also von Kahlden 
(1892). Ocertel (1887) described foci of cellular infiltration in the 
walls of the renal arteries and veins. Sorenson (1891) described 
glomerulonephritis as the typical lesion of scarlet fever nephritis, 
but only rarely saw the interstitial variety. Baginsky and Stamm 
(1893) described interstitial infiltration in the kidneys in scarlet 
fever with lesions about the cortical vessels. Aufrecht (1893) de- 
scribed round cell infiltration in the liver and spleen, as well as in the 
kidney. Turner (1894) published a study of scarlet fever nephritis, 
agreeing in all essentials with Friedlander’s earlier description and 
classification. In 1898 Councilman published his now classic paper 
in which he described the lesion of acute interstitial nephritis, which 
he found to occur in about equal incidence in scarlet fever and 
diphtheria, as well as more rarely in certain of the other infectious 
diseases. The interstitial foci of round cells (largely plasma cells, 
and believed by Councilman to be derived from lymphocytes) were 
found: (1) in the boundary zones of the pyramids, (2) in the sub- 
capsular cortex, and (3) around the glomeruli. A number of cases 
showed numbers of cells about the long veins of the boundary zone, 
without infiltration of the interstitial tissue. He minimized the sig- 
nificance of this and did not include these cases in his statistical 
analysis. The following year Pearce (1899) published a study of the 
pathology of scarlet fever in which he reaffirmed Councilman’s find- 
ings with regard to the kidney. In the liver, in 17 of 22 cases, he 
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found cellular infiltration in the portal areas. In the spleen, he re- 
ported endothelial proliferation, but he also noted a lesion which is 
of considerable interest. In the veins of the spleen, he described a 
collection of large numbers of lymphoid and plasma cells beneath 
the endothelium, separating the endothelial layer from the under- 
lying tissues. In some cases this caused irregular projections into 
the lumen, and in the smaller veins frequently caused almost com- 
plete obstruction. In rgoo Roger and Garnier described, in scar- 
latina, an accumulation of round cells in the connective tissue of the 
portal areas of the liver, at times almost obscuring vein, artery and 
bile ducts. The same year Marcuse (1900) studied 114 livers from 
cases of infectious disease, and a large number showed “lympho- 
mata” in the interstitial tissue. Reichel (1905), in a study of 58 
kidneys from cases of scarlet fever, held that the interstitial lesion 
was characteristic of the early stage of the disease. In 1906 Chap- 
man studied the histological changes in the kidney in scarlatina. In 
cases where death occurred from clinical nephritis he found typical 
glomerular lesions with associated tubular degeneration. Those 
cases where death occurred without clinical nephritis could be di- 
vided into two groups. The acute, with death within a few days of 
onset, showed relatively slight kidney lesions, there occurring slight 
capsular changes and dilatation of blood vessels with, rarely, 
thrombi. Severe cases, with death after the 6th day, showed tubular 
degeneration and infiltration of the interstitial tissue with small 
round cells. In the earlier cases this was found in the boundary zone 
of the pyramidal portions and bore some relation to the intertubular 
arteries. Bingel (1907), studying the liver from patients dying follow- 
ing scarlet fever, described portal infiltration, and in 1 late case, 
proliferating fibrous tissue. Rach (1909) described the histology of 
the skin lesion. Thomas (1911), in a study of the adrenal in infec- 
tious disease, in an autopsy report of a single case of scarlet fever 
described an infiltration by lymphocytes, plasma cells and transition 
forms in the medulla. His more general findings were vascular con- 
gestion, edema and granular degeneration of the cortical cells. 
Schridde (1913) described the interstitial lymphocytic exudate in 
the kidneys from scarlet fever and diphtheria, and contended that 
these cells came from the circulating blood, for he described ac- 
cumulations of these cells in the kidney capillaries several days be- 
fore the exudation occurred. Landsteiner (1916) described several 
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cases of interstitial nephritis in scarlet fever in which the principal 
lesions occurred in the cortex. Munk (1920), in discussing the patho- 
genesis of the interstitial nephritis of scarlet fever, described infil- 
tration of the liver and adrenals in the same cases. Fahr (1921) 
stated that in 5 of 8 cases of scarlet fever with myocarditis there oc- 
curred an interstitial nephritis. Von Ambrus (1923) studied the 
pathological histology in 25 cases of scarlet fever. In about half of 
the cases there was described an interstitial infiltration of the kid- 
neys, either in the vicinity of the capsule, or else in the medulla, 
chiefly around the veins. Periportal infiltration by lymphocytes 
in the liver was described. Two years later the same author com- 
mented on the frequent appearance of eosinophilic staining cells in 
the tissues from scarlet fever cases. Herzenberg (1924) attributed 
the round cell foci, seen in relation to the vessels of the lymph nodes, 
spleen and liver in the acute infectious diseases, to attempts at ex- 
tramedullary granulopoesis. In 1926 Smirnowa-Zamkowa described 
the pathology of 13 cases of scarlet fever and commented that 
hyperplasia of the vascular endothelium occurs in all tissues, with 
appearance of large numbers of mast cells, deemed characteristic, in 
the tissues. The same year Sysak (1926) reported 32 autopsies on 
scarlet fever. He described portal infiltration in the liver by lympho- 
cytes, plasma cells, mast cells, and some neutrophilic and eosinophi- 
lic polymorphonuclears. In 2 cases the spleen showed plasma cells 
in the pulp and in the vicinity of the sinus walls. In the kidneys he 
described an interstitial nephritis. Kahlstorf (1927), in studying the 
causes of periportal infiltration in the liver, showed that in 36 cases 
of acute infection 35 showed some degree of portal infiltration. 
Huebschmann (1929) held that the interstitial infiltration in scarlet 
fever was a reflection of a toxic process due to the endotoxin of 
Streptococcus scarlatinae. Koch (1930) described a case of scarlatinal 
nephritis with interstitial foci of round cells. Siegmund (1931) 
studied 56 autopsies in cases of scarlet fever, paying particular at- 
tention to the vascular changes. In addition to the cardiac lesions, 
among which he described infiltration beneath the intima of the 
thebesian vessels, he described lesions in the walls of the splenic 
veins, the small veins of the kidney and liver, the vasa vasorum of 
the aorta, and also a periphlebitis in the deep peritonsillar tissues. 
Schottmiiller (1931) described a clinical case, with autopsy, of what 
he termed specific toxic hepatitis and cholecystitis in scarlet fever, 
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and Fahr (1931) discussed the pathology of the same case. The 
kidneys showed an interstitial nephritis. The liver showed portal 
infiltration with involvement of the vein walls. They postulated a 
specific bacterial toxin. Kettler (1933), in a study of round cell in- 
filtration of the periportal tissue in the liver, concluded that such 
lymphocytic infiltration occurred most frequently in conjunction 
with an infectious splenic enlargement, or somewhat less frequently 
with an interstitial nephritis, and represented the inflammatory 
result of bacterial toxin. Stein (1933) described a number of cases 
of scarlet fever with hemorrhage from the great vessels of the neck, 
both arteries and veins, and in microscopic studies found infiltrative 
and thrombotic lesions. 

In reviewing the literature it will be noted we have attempted to 
focus attention on the vascular nature of the injury, and the rela- 
tion of the lesions to the vascular elements of the organs affected. 
In our own studies we have been impressed with the frequency with 
which this almost characteristic type of lesion occurs in the various 
organs from individuals dying of scarlet fever. 

The exact nature of the lesion as it appears in different organs 
varies, depending on the structure of the organ in question. But 
wherever it does occur it is related to the vascular components of 
the organ. The lesion, as such, is an interstitial one consisting of an 
exudate mainly of round cells. These are not entirely of one type. 
Lymphocytes predominate. Plasma cells are numerous. Other 
types of less easily classified round cells occur in considerable num- 
bers. Giant cells are practically absent. Polymorphonuclear leuko- 
cytes occur, but in small numbers, and but few of these are eosino- 
philes. Extensive lesions of this nature, which may be considered 
the indubitable immediate cause of death, have not been frequent, 
but the less extensive lesions are common. They have been seen 
deep within the muscular and connective tissues of the pharynx 
and larynx, in regional and distant lymph nodes, in the lungs, in the 
pancreas, the testis and the pituitary gland, but rather more com- 
monly in the adrenal, spleen, kidneys and liver. 

The statistical analysis of our material is based on 44 cases of 
scarlet fever plus 15 cases of possible scarlet fever. The material 
available for study consists of all of the routine autopsy sections. 
These were, for the most part, Zenker-fixed and stained with phlox- 
ine-methylene blue, which is the routine laboratory stain. This 
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enabled a convincing exclusion of bacterial invasion of the tissues 
as the cause of the lesions to be described, for where bacteria occur 
they stand out in bright contrast. 


In Tables I and II are tabulated the incidence of the lesions found in the 
major organs of 44 cases of scarlet fever and 15 cases of possible scarlet fever. 
The lesions here classified are solely the infiltrative ones; cases or organs called 
negative may, and usually do, show severe toxic degenerations, as will be de- 


TABLE I 
Incidence of Lesions in Principal Organs in 44 Cases of Scarlet Fever 


Total Grade of severity of lesion 
examined 


++ | +++ 


44 21 12 7 


44 15 7 


21 9 


12 


TaBLeE II 
Incidence of Lesions in Principal Organs in 15 Cases of Questionable Scarlet Fever 


Total Grade of severity of lesion 
examined 


++ | +++ 


14 8 4 I 


14 4 


10 7 


II 6 


scribed below. The severity of the infiltration is indicated by a scale of “‘ pluses,” 
the basis for which is explained below. However, it should be here pointed out 
that somewhat different scales had to be used for different organs. The most 
severe lesions found in the spleen and adrenals were in no cases as marked as 
the most severe seen in the liver and kidneys, and for that reason were not 
given a scale rating of 4 plus (++++). 

In Tables III and IV, for the same cases, there is listed a more complete anal- 
ysis of each case. The age given is that of the last birthday. The day of illness is 
taken from the admission histories, and in a few cases is only approximate. The 
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hour of autopsy refers to the number of hours after death, and is given to serve 
as a check on the interpretation of postmortem bacteriological studies. In those 
protocols in which the exact time of autopsy was not stated the symbols 12 + 
or 24 + are used, indicating respectively that the autopsy was done the same 
day on which the death occurred, or the following day (date). The plus (+) 
and minus (—) blood cultures indicate the presence or absence of hemolytic 
streptococci in the ante mortem and postmortem blood cultures. Where other 
or additional organisms were recovered, it is so indicated. In a few of the early 
autopsies, and in the few autopsies performed after this study was commenced, 
further bacteriological studies were carried out. These are listed in Table V. 
For the agglutination-absorption studies we are indebted to Miss Caroline 
Gurley of the New York City Department of Health Laboratories. 


HISTOPATHOLOGICAL FINDINGS 


Heart: As mentioned above, we are reserving for a separate pres- 
entation the description and discussion of the cardiac lesions in de- 
tail. Suffice it to say, at this time, that lesions of varying severity 
occur in over go per cent of the hearts. These fall, more or less, into 
three overlapping types. In all, the chief cell is some form of round 
cell. The three types are: (1) an either focal or diffuse interstitial 
infiltration of the myocardium, having no apparent distribution 
with reference to the cardiac blood vessels. This type is usually 
seen in conjunction with either of the following two types. (2) An 
infiltration either in or about the smaller coronary arteries, which 
takes the form of an arteritis or periarteritis in which the invading 
cells are mononuclear, although in some cases there occurs a slight 
admixture of neutrophilic polymorphonuclears, and rarely eosino- 
philes; and (3) the commonest type, consisting of a subendothelial 
infiltration, which may occur beneath the endothelium of coronary 
veins or beneath the endocardium, more commonly of the ventricu- 
lar chambers, but which is most strikingly encountered in the walls of 
the thebesian vessels. This last has been well depicted by Siegmund 
(1931). 

Kidney: We are taking up the kidney next, not because it is the 
most commonly involved, but because it has received the most at- 
tention in the past. Nephritis has long been known by clinicians to 
be a complication of scarlet fever. Since the studies of Klein (1877) 
and Friedlander (1883), the pathological distinction between the 
glomerular and the interstitial types has been made, though a long 
and still not settled argument has been carried on as to which is the 
“‘typical’’ nephritis of scarlet fever. We do not intend to contribute 
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to that argument except to say that in our experience a glomerulitis 
is a relatively rare lesion. Only 1 of our cases shows an acute glo- 
merulitis; this patient presented the clinical findings of an acute 
nephritis and died on the 28th day of illness. There were 8 others, 
of the 44 scarlet fever cases, in which some histological suggestion of 
very early glomerular changes was seen. These changes consist of 
an appearance of increased cellularity of the glomerular tufts, an 
edema, and in one or two instances a hyaline appearance, of the 
supporting stroma of the tuft, and an exudation of protein into the 
capsular space. In none of these cases were thrombi found, or 
necrosis of any portion of the tuft, or a cellular exudate within the 
capsular space, or proliferation of the capsule wall. Perhaps a 
partial explanation of the comparative rarity of the glomerular type 
of lesion is that more than three-quarters of these patients died by 
the 21st day of their illness, before the glomerular type of nephritis 
ordinarily appears. However, we have not been able to carry out 
any of the special staining procedures, such as those described by 
McGregor for detailed glomerular studies. 

This absence of glomerular damage of any appreciable extent is 
of interest in relation to the studies of Lyttle on the urine in a series 
of 14 cases studied at this hospital. Here he found, by use of the 
Addis sediment count technique, a definite “micronephritis,” evi- 
denced by the presence of red cells, white cells and casts, and an in- 
crease in protein, of a transitory nature and of a degree commonly 
demonstrable by these micromethods. 

The interstitial type of lesion, on the other hand, is relatively 
common. About 40 per cent of the cases show either focal or diffuse 
lesions, and another 33 per cent show an earlier lesion to be described 
below. The literature contains numerous references (Leyden, 
Nauwerck, von Kahlden, Councilman, Schridde, and Munk) to 
cases of interstitial nephritis complicating infections other than 
scarlet fever. We have not made a detailed study of all the material 
from all of the cases of infectious diseases in the files at the Willard 
Parker Hospital, but we are not aware of a case of interstitial ne- 
phritis other than in scarlet fever, except where secondary infection 
by streptococci has occurred. In the files of the pathological division 
there are over 1000 autopsies (the greatest proportion from cases of 
scarlet fever, diphtheria, measles, pertussis, poliomyelitis, and vari- 
cella) and interstitial nephritis is listed only in cases of scarlet fever 
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or cases secondarily infected by streptococci. Tracy Mallory (1929), 
in discussing a case reported from the Massachusetts General Hos- 
pital, said: ‘The majority of cases (interstitial nephritis) follow 
scarlet fever, though cases do occur in diphtheria, erysipelas, and 
any acute diseases such as measles in which septic, particularly 
streptococcic, complications develop.” 

Typically, the kidney in scarlet fever is both congested and edem- 
atous. The congestion is more apt to be medullary than cortical. 
In rare instances petechial hemorrhages may occur. The glomeruli 
are more often than not congested, with the capillary tufts distended 
with red blood cells. It is rather striking to note the relative scarcity 
of leukocytes within the glomerular capillaries, as compared with 
the numbers seen in the remainder of the cortical and medullary ves- 
sels. The tubular epithelium is almost always the seat of rather 
marked degenerative changes. Granular degeneration is common 
and tends to occur rather diffusely. Some degree of desquamation 
is not uncommon, but casts of the tubules are rare, though in a few 
instances basophilic amorphous casts are seen. A mononuclear 
exudate occurs in slightly more than 70 per cent of the cases. 

This mononuclear nephritis, which is the lesion described under 
that name by Councilman (1898), we have subdivided into four 
groups, based on the degree of involvement of the organ. Schridde 
(1913) has suggested that there is a pre-infiltrative lesion in which 
cells of the type that will appear in the interstitial exudate can be 
found in large numbers in the tubular capillaries. This he described 
as occurring 2 to 3 days before the appearance of the typical lesion. 
We have seen tubular capillaries almost plugged by mononuclear 
cells, but have not found these particularly in the earlier cases, 
though we do agree that they represent a pre-infiltrative accumula- 
tion of the typical cells of the exudate. The lesion that is the earliest 
which we are able to recognize occurs not about the tubular capil- 
laries but about the long veins on the boundary zone between cortex 
and medulla. Here are found accumulations of numbers of cells in 
the adventitia of the veins, but without any actual invasion into 
the surrounding interstitial tissue. Councilman (1898) described 
such changes but felt that they were not associated with the more 
general pathological changes that he was describing. We feel that 
these periphlebitic lesions precede the more extensive infiltrations, 
for the latter very definitely appear to spread from these sites. In 
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the tables these simple periphlebitic exudates are graded 1 plus 
(+). In our grade 2 plus (++), we include those organs in which 
there is a beginning infiltration of the surrounding interstitial tis- 
sue. In such organs there are usually numerous foci of involvement, 
each stemming from one of the small veins. Mononuclear cells of 
varying type are found between the capillary walls and the tubules. 
When the lesions become more extensive we grade them as 3 plus 
(+++). Secondary lesions then are usually found in the cortex, 
particularly immediately beneath the capsule. Invasion of the glo- 
meruli may be said practically never to occur. Secondary foci are 
also seen in the loose connective tissue stroma just within the pelvic 
epithelium. These tend to focus about the small dilated capillaries. 
In a few cases the infiltration becomes entirely diffuse, and these 
we have graded as 4 plus (++++). Even here, the infiltrating 
cells are almost exclusively found in the interstitial tissue, though 
occasionally a few are found within the tubules. The glomeruli may 
be completely surrounded but invasion does not occur. In these 
most extensive cases the picture is practically that of leukemia and 
the name “lymphomatous nephritis,” applied by Biermer (1860), 
the first to describe the condition, is indeed appropriate. 

Adrenal: The adrenal, in scarlet fever, is almost uniformly con- 
gested. In about half of the cases this congestion is marked. How- 
ever, in only 2 cases in this series did there occur grossly diagnosable 
medullary hemorrhage; in a 3rd case petechial hemorrhages were 
found microscopically. In these cases the hemorrhage may have 
played a réle in the immediate cause of death. Granular degenera- 
tion of the cortical zones is common and where it occurs is not re- 
stricted to any one of the zones. The pathological change that we 
wish to stress is none of these, but one which is homologous to that 
described for the kidney. It is an accumulation of cells about the 
medullary venous sinuses. Slightly more than half of the cases 
studied show such early lesions. These we have called 1 plus (+). 
About another third show more extensive lesions, infiltrating the 
interstitial tissue of the medulla, and in 3 of these cases the infiltra- 
tion continues to a greater or lesser degree into the cortical zones. 
The last group, consisting of 3 cases, is graded 3 plus (+++), the 
others 2 plus (++). 

Liver: The liver is almost uniformly congested. The congestion is 
usually central, though in more severely involved organs it becomes 
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diffuse. There is frequently a marked edema, separating the hepatic 
cells from the sinusoids and infiltrating the portal tissue. This is 
frequently so severe as to be a probable major contributing factor 
in death. Degeneration of the liver cells, of varying degree, is almost 
a constant finding. This usually takes the form of a vacuolization 
of the hepatic cells and is more usually central in distribution but, 
in the more severe cases, involves the entire liver lobule. We have 
never seen in these cases of scarlet fever the midzonal type of liver 
degeneration described by Opie (1910). In 1 case the fatty degenera- 
tion was entirely portal. In a number of cases nuclear vacuolization 
of the same type seen in the livers of diabetics was seen, and this 
was particularly true where the liver was evidently profoundly 
affected, as evidenced by almost complete disorganization of its 
normal structure. 

But, again, the lesion that we wish to stress is the infiltration of the 
portal connective tissue. As is well known, infiltration of the portal 
area is a common incidental finding at a great number of autopsies 
from a great diversity of conditions. Kahlstorf (1927) found some 
degree of portal infiltration in slightly more than 60 per cent of cases 
of chronic disease of the gastro-intestinal tract, while in 36 cases of 
acute infectious disease he found some degree of portal infiltration. 
Portal infiltration is a common, and undoubtedly not specific, lesion. 
It occurs, however, in almost 100 per cent of cases of scarlet fever. 
This becomes more striking when it is realized that over two-thirds 
of our cases are children under 15 years of age, in whom chronic 
gastro-intestinal disease is unlikely as a cause of the portal lesions. 
We have seen it in 43 of the 44 cases of scarlet fever, and in all but 
1 of the 15 cases of suspected scarlet fever. Here, again, we believe 
that the earliest lesion is a periphlebitis or endophlebitis. In the 
very extensive cases the relation to the finer anatomical structure of 
the portal space is lost. In 1 case, where death took place within 4 
days of onset, the lesion became so extensive that grossly it gave the 
appearance of multiple necrotizing tumors; microscopically the 
picture was that of a granuloma, spreading from the portal areas, 
undergoing central necrosis. Strikingly, in all of the cases with 
severe 4 plus (++-++) liver infiltration death took place within 
the 1st week or, at the latest, on the 8th day. It is in the less severe 
cases that the relation of the lesion to the portal veins becomes ap- 
parent, though this is not nearly so marked as is the relation of the 
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renal and adrenal lesions to the medullary veins. In some cases the 
infiltration appears to be in relation to the small portal bile ducts. 
In this connection should be mentioned the work of Smirnowa- 
Zamkowa (1926) who, in a study of 13 gall-bladders from cases of 
scarlet fever, recovered streptococci from 1o and histologically 
found an outpouring of cells deep within the wall about groups of 
streptococci. We have examined the gall-bladder in only 1 case, 
but this was negative. We have not seen, however, streptococci in 
the portal lesions. The picture is not one that is usually associated 
with acute reaction to direct bacterial invasion. 

Spleen: Almost all of the cases showed grossly enlarged, congested 
spleens. Microscopically there is also congestion and edema. The 
sinusoids are usually widely distended, but they contain relatively 
few polymorphonuclear cells. For the most part there is some degree 
of reticular hyperplasia. In most cases the splenic follicles show 
either hyperplastic or necrotic centers. 

In 1899 Pearce described in the veins of the spleen a collection 
of large numbers of lymphoid and plasma cells beneath the endothe- 
lium, separating the endothelial layer entirely from the underlying 
tissues. In some cases this caused irregular projections into the 
vessel lumen, in smaller lumens causing almost complete oblit- 
eration. We have seen similar, if not quite as extensive, lesions. In 
addition we have seen the infiltration spread into the walls of the 
larger veins and even into the fibrous trabeculae. Accumulations of 
lymphocytes and plasma cells along the walls of sinusoids are com- 
mon. Some variety of this lesion occurs in three-quarters of the 
spleens studied, with more or less marked endothelial involvement 
of the splenic veins or venules in about one-quarter. 

Pancreas: The pancreas shows only very rarely a slight infiltra- 
tion with mononuclear cells in the interacinar tissue. In the cases 
with very severe liver involvement, including an exudate within the 
portal bile ducts, a similar exudate may be found in the pancreatic 
ducts. In a number of cases an early, acute interstitial pancreatitis 
is present. 

Lymph Nodes: In the distant lymph nodes there occur a reticular 
hyperplasia and follicular changes similar to those seen in the spleen. 
Even in the regional nodes, where acute suppuration has not oc- 
curred, the predominating cell in the node is of the mononuclear 
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Cervical Region: In some cases, sections of the deep connective 
tissue of the neck, or even of the pharyngeal musculature, frequently 
show perivenous accumulations of mononuclear cells with exten- 
sion into the surrounding interstitial tissues. Lesions of this type 
are even occasionally seen almost immediately below the acute 
pharyngeal lesion, where streptococci and polymorphonuclears 
abound. 

Thymus: No perivascular changes are seen. The gland is fre- 
quently edematous and congested. In some cases there appears to 
be some hyperplasia of the reticular elements, in others of the lym- 
phoid. This is approximately what Ssipowsky (1928) found in a 
study of 30 autopsies. 

Pituitary: In a few cases, cellular accumulations about the vessel 
walls in the stalk of the gland occur. No infiltration into the glandu- 
lar portions of the organ are seen. 

Lungs: Pneumonia is almost a constant finding at autopsy. It is 
very rarely of the interstitial type, and only occasionally is the 
peribronchial infiltration, such as has been described in measles and 
pertussis, seen in scarlet fever. In a few cases, however, rather 
striking accumulations of mononuclear cells are seen about the 
smaller pulmonary vessels. 

Salivary Glands: In a few cases, perivenous and interstitial infil- 
trations by mononuclears are seen in the salivary glands. 

Aorta: In 1 case which showed very striking lesions in almost all 
of the organs already mentioned, the small capillaries of the adven- 
titia of the aorta showed a marked cuffing with mononuclear cells. 

Testis: One case showed infiltration about the walls of the small 
arterioles of the testis. 


DISCUSSION 


We have shown that in the major visceral organs in severe scarlet 
fever there occur pathological changes that we have interpreted to 
be of a single type. We have held that primarily they occur as 
changes in the vessel walls, with secondary infiltration into the ad- 
jacent interstitial tissues. In our sections we have very rarely seen 
streptococci present at the site of the lesion, except where they ob- 
viously represent postmortem invasion. It seems to us reasonable 
to assume that these widespread changes, almost always primarily 
associated with the blood vessels, represent the action of a circulat- 
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ing toxin. To us it seems probable that the primary action is on the 
capillary and venous endothelium. This is suggested in part by the 
edema which is such a frequent concomitant. It is perhaps somewhat 
surprising that capillary hemorrhage does not occur more frequently. 

In a majority of the cases, hemolytic streptococci were recovered 
either from ante mortem or postmortem blood cultures, and also 
from a large number of the visceral organs where these were cultured. 
This latter finding is not surprising when it is remembered that the 
blood cultures were positive. It should be pointed out, however, 
that in some cases blood cultures, ante mortem and postmortem, 
were negative, and in others organ cultures were negative, and in 
certain of these marked visceral lesions were present. We do not 
feel, therefore, that the presence of streptococci in the blood stream 
indicates of necessity that they are the direct cause of the visceral 
lesions, particularly when they cannot be demonstrated histologi- 
cally at the site of the lesions. It should be borne in mind that in all 
of these cases hemolytic streptococci were present in the throat, and 
frequently in other foci where suppurative lesions were present (e.g. 
otitis, mastoiditis, empyema, adenitis, and so on). 

The interstitial mononuclear lesion, which we have described in 
the various organs, very obviously cannot be held to be specific for 
scarlet fever. We have seen it in other infectious diseases, notably 
in diphtheria and in measles. But in these cases the lesion has been 
of lesser degree and in every instance there has been an associated 
streptococcal infection; this may be bacteremia, a streptococcal 
pneumonia, or a meningitis. Unfortunately our bacteriological 
studies have not been sufficiently complete to differentiate between 
scarlatinal and non-scarlatinal strains of streptococci in all cases. 
In a few instances where this has been done, and where the organism 
has been found to be non-scarlatinal, typical lesions have neverthe- 
less occurred. 

We have suggested, as has been previously suggested by others, 
that the interstitial nephritis and the other similar lesions in other 
organs are the result of a circulating toxin. Experimental evidence 
for this is for the most part lacking. The interstitial type of lesion 
has been produced in the kidney, according to a number of investi- 
gators. In 1896 Morse described an interstitial infiltration in the 
kidneys of rabbits following the injection of a filtrate from the cul- 
ture of Staphylococcus aureus. In 1925 Theobald Smith described an 
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interstitial nephritis in calves, associated with B. coli infection, due 
to interference with normal colostrum intake. Nye and Parker 
(1930) have described vascular and perivascular lesions in several 
visceral organs produced by the intravenous injection of various 
killed bacteria. Kuczynski (1924) claims to have produced the in- 
terstitial lesions of scarlet fever in the liver and kidneys of guinea 
pigs by the intravenous injection of living streptococci, and except 
in one instance was unable to recover the organisms on culture. He 
holds that the lesions were due to the action of an endotoxin. Glo- 
merular types of lesions have been produced by a number of inves- 
tigators, using a variety of agents. Any interpretation of such re- 
sults must await a surer knowledge of the substances used in the 
various experiments, and generalizations should not be attempted 
without bearing in mind the nature of the lesions as they occur in 
the course of the normal infection in man. That under certain ill- 
defined circumstances an interstitial lesion, probably secondary to 
vascular injury, can be produced in experimental animals by bac- 
teria or their growth products seems fairly certain. That similar 
lesions may occasionally occur in apparently healthy animals is 
also probably true.* The relations of all such lesions to those ap- 
pearing in the course of naturally occurring acute infectious disease, 
as in scarlet fever, still await exposition. The frequency of its oc- 
currence in the organs of patients dying of scarlet fever, and the 
similarity of its appearance in the various organs, suggest the fun- 
damental importance of the lesion in the pathology of the disease. 


SUMMARY AND CONCLUSIONS 


A study of the visceral pathology in scarlet fever and related 
streptococcus infections is presented. This is based on the histologi- 
cal examination of material from 44 cases of frank scarlet fever, with 
the addition of 15 cases of presumptive scarlet fever. The literature 
is reviewed in some detail, covering the last 75 years. These studies 
reveal the underlying lesion to be one of vascular injury with a con- 
current, perivascular round cell infiltration. These changes have 
been found in from 75 to 95 per cent of the hearts, livers, kidneys, 
adrenals and spleens of these cases, and to a variable degree in the 


* This has been the experience of the authors, using the mouse as an experimental 
_animal, in an attempt to produce the interstitial lesions. 
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other viscera, including the pituitary, lung, pancreas, and even the 
testis. The evidence suggests that these lesions are the result of a 
circulating toxin. This is borne out by a certain amount of experi- 
mental evidence which is reviewed briefly. 


Note. We wish to express our appreciation to Miss Catherine 
Gaffney, who carried out much of the bacteriology, and to Miss 
Caroline Paul, who aided substantially in the photomicrography. 


REFERENCES 


Aufrecht. Die septische Scharlachnephritis. Deutsches Arch. f. klin. Med., 
1893-04, 52, 339-351. 

Baginsky, A., and Stamm. Aus der Scharlachabtheilung. I. Zur Pathologie 
und Therapie der Scharlachnephritis. Arch. f. Kinderh., 1893, 16, 350-382. 

Biermer. Ein ungewohnlicher Fall von Scharlach. Virchows Arch. f. path. 
Anat., 1860, 19, 537-545- 

Bingel, A. Ueber Lebercirrhose im Kindesalter nach Scaslatina. Jahrb. f. 
Kinderh., 1907, 65, 393-417. 

Chapman, E.S. A histological study of the kidney in scarlatina. J. Path. & 
Bact., 1906-07, 11, 276-303. 

Coats, J. Acute interstitial inflammation of the kidneys in scarlet fever, fatal 
on the roth day. Brit. M. J., 1874, 2, 400-401. 

Councilman, W. T. Acute interstitial nephritis. J. Exper. Med., 1898, 3, 393- 
420. 

Crooke, G. Zur pathologischen Anatomie des Scharlachs. Fortschr. d. Med., 
1885, 3, 651-662. 

Dunin, T. Anatomische Untersuchungen iiber Nierenentziindung und Morbus 
Brightii. Virchows Arch. f. path. Anat., 1883, 93, 286-342. 

Fahr, T. Beitrige zur Frage der Herz- und Gelenkverinderungen bei Gelenk- 
rheumatismus und Scharlach. Virchows Arch. f. path. Anat., 1921, 232, 
134-159. 

Fahr, T. Ueber proliferative Hepatitis und Cholecystitis bei Scharlach. Klin. 
Wchnschr., 1931, 10, 20-22. 

Fischl, J. Beitraege zur Histologie der Scharlachniere. Ziéschr. f. Heilk., 1883, 
4, 1-25. 

Friedlander, C. Uber Nephritis scarlatinosa. Fortschr. d. Med., 1883, 1, 81-94. 

Herzenberg, H. Zur Frage der extramedulliren Granulo- und Erythropoése. 
Beitr. z. path. Anat. u. 2. allg. Pathol., 1924, 73, 55-64. 

Huebschmann. Scharlach und Nephritis. Klin. Wchnschr., 1929, 8, 2221-2223. 

Kahlstorf, A. Untersuchungen iiber Infiltrate im periportalen Bindegewebe 
der Leber. Beitr. 2. path. Anat. u. 2. allg. Pathol., 1927, '78, 512-525. 

Kettler, L. Die Rundzellanhiufungen im periportalen Gewebe der Leber. 
Virchows Arch. f. path. Anat., 1933, 291, 706-737. 

Klein, E. Anatomical changes of the kidney, liver, spleen, and lymphatic 

glands in scarlatina of man. Tr. Path. Soc. London, 1877, 28, 430-440. 


SCARLET FEVER AND STREPTOCOCCUS INFECTIONS 393 


Koch, F. Vergleichende klinische und pathologisch-anatomische Untersuchun- 
gen zum Morbus Brightii. V. Die herdférmige interstitielle Nephritis. 
Virchows Arch. f. path. Anat., 1930, 2'79, 214-228. 

Kuczynski, M. H. Beobachtungen und Versuche iiber die Pathogenese der 
Scarlatina. Klin. Wehnschr., 1924, 3, 1303-1308. 

Landsteiner, K. Uber knétchenférmige Infiltrate der Niere bei Scharlach. 
Beitr. 2. path. Anat. u. 2. allg. Pathol., 1916, 62, 226-232. 

Langhans, T. Ueber die entziindlichen Verinderungen der Glomeruli und die 
acute Nephritis. Virchows Arch. f. path. Anat., 1885, 99, 193-250. 

Leyden, E. Ueber das erste Stadium des Morbus Brightii und die akute oder 
frische Nephritis. Ziéschr. f. klin. Med., 1881, 3, 161-208. 

Litten, M. Ueber Scharlachnephritis. Charité-Annalen, 1878, 4, 179-188. 

Lyttle, J. D. The Addis sediment count in scarlet fever. J. Clin. Investigation, 
1933, 12, 95-103. 

McGregor, L. The cytological changes occurring in the glomerulus of clinical 
glomerulonephritis. Am. J. Path., 1929, 5, 559-585. 

Mallory, Tracy B. Dermatitis and drowsiness. Massachusetts General Hospital, 
Case Report No. 15031. New England J. Med., 1929, 200, 142-145. 
Marcuse, B. Ueber Leber-Lymphome bei Infektions-Krankheiten. Virchows 

Arch. f. path. Anat., 1900, 160, 186-202. 

Morse, J.L. A study of the changes produced in the kidneys by the toxins of the 
staphylococcus pyogenes aureus. J. Exper. Med., 1896, 1, 613-622. 

Munk, F. Ueber die “‘interstitielle Nephritis,” ihre Bedeutung bei der Schar- 
lacherkrankung (“‘Scharlachnephritis”) und ihr Vorkommen bei hamorrha- 
gischen Pocken. Virchows Arch. f. path. Anat., 1920, 22'7, 210-222. 

Nauwerck, C. Beitrige zur Kenntnis des Morbus Brightii. Beitr. 2. path. 
Anat. u. 2. allg. Pathol., 1886, 1, 5-84. 

Nye, R. N., and Parker, F., Jr. Tissue reactions in rabbits following intravenous 
injection of bacteria. Am. J. Path., 1930, 6, 381-400. 

Oertel, M. J. Die pathogenese der epidemischen Diphtherie nach ihrer his- 
tologischen Begrundung. Leipzig, 1887, 95-97. 

Opie, E. L. On the relation of combined intoxication and bacterial infection to 
necrosis of the liver, acute yellow atrophy, and cirrhosis. Tr. A. Am. 
Physicians, 1910, 25, 140-171. 

Pearce, R. M. Scarlet fever, its bacteriology, gross and minute anatomy. J. 
Boston Soc. Med. Sc., 1898-99, 3, 161-166. 

Pearce, R. M. Scarlet fever, its bacteriology, and gross and minute anatomy. 
Med. & Surg. Rep., Boston City Hosp., 1899, 10, 39-82. 

Rach, E. Beitrag zur Histologie des Scharlachausschlags. Beitr. 2. path. Anat. 
u. 2. allg. Pathol., 1909-10, 47, 455-482. 

Reichel, H. Ueber Nephritis bei Scharlach. Ziéschr. f. Heilk., 1905, 26, 72-102. 

Roger, H., and Garnier, M. Des modifications anatomiques et chimiques du 
foie dans la scarlatine. Rev. de méd., 1900, 20, 262-279. 

Schottmiiller, H. Hepatitis und Cholecystitis, eine spezifische toxische Schar- 
lach komplikation. Klin. Wehnschr., 1931, 10, 17-20. 

Schridde, H. Untersuchungen zur Entziindungsfrage. Die Entstehung der 
kleinzelligen Infiltrate in der Niere bei Scharlach und Diphtherie. Beitr. z. 
path. Anat. u. 2. allg. Pathol., 1913, 55, 345-367. 

Siegmund, H. Verinderungen des Herzens und der Gefiisswinde bei septischem 
Scharlach. Verhandl. d. deutsch. path. Gesellsch., 1931, 26, 231-238. 


ef 
4 
fer 
Gre 


394 BRODY AND SMITH 


Smirnowa-Zamkowa, A. Zur pathologischen Anatomie des Scharlachs. Vir- 
chows Arch. f. path. Anat., 1926, 261, 190-198. 

Smirnowa-Zamkowa, A. Untersuchungen der Gallenblase bei Scharlach. 
Virchows Arch. f. path. Anat., 1926, 261, 832-836. 

Smith, T. Focal interstitial nephritis in the calf following interference with 
the normal intake of colostrum. J. Exper. Med., 1925, 41, 413-425. 
Sorenson, S. T. Ueber Scharlach Nephritis. Ziéschr. f. klin. Med., 1891, 18, 

298-343. 

Ssipowsky, P. W. Uber die histologischen Verainderungen der Gl. Thymus von 
Kindern bei Scharlach. Frankfurt. Zischr. f. Path., 1928, 36, 123-133. 
Stein, T. Uber Blutungen aus den Halsgefiissen bei Scharlach. Beitr. 2. path. 

Anat. u. 2. allg. Pathol., 1933, 91, 202-224. 

Sysak, N. Beitrag zu pathologischen Verinderungen beim Scharlach. Virchows 
Arch. f. path. Anat., 1926, 259, 647-665. 

Thomas, E. Uber die Nebenniere des Kindes und ihre Veranderungen bei 
Infektionskrankheiten. Beitr. 2. path. Anat. u. 2. allg. Pathol., 1911, 50, 
283-316. 

Turner, F. M. On scarlatinal nephritis and its varieties. Guy’s Hosp. Rep., 
1894, 51, 173-201. 

Von Ambrus, M. Beitrige zur pathologischen Histologie des Scharlachfiebers. 
Jahrb. f. Kinderh., 1923, 103, 41-50. 

Von Ambrus, M. Uber das Erscheinen von eosinophil granulierten Zellen in den 
Geweben bei Scharlach. Jahrb. f. Kinderh., 1925, 108, 233-235. 

Von Kahlden, C. Die Aetiologie und Genese der acuten Nephritis. Beitr. 2. 
path. Anat. u. 2. allg. Pathol., 1892, 11, 441-592. 

Wagner, E. Beitrag zur pathologischen Anatomie des Scharlachs. Arch. de 
Heilk., 1867, 8, 262-266. 

Wagner, E. Beitraige zur Kenntnis des acuten Morbus Brightii. Deutsches Arch. 
f. klin. Med., 1880, 25, 529-566. 

Waller, B. C. On the morbid anatomy of certain forms of post scarlatinal 
nephritis. J. Anat. & Physiol., 1880, 14, 432-448. 


DESCRIPTION OF PLATES 


PLATE 42 


Fic. 1. Heart. Left ventricle, papillary muscle. Grade 1 plus lesion. Note peri- 
vascular edema and early round cell infiltration. Minimal changes in heart 
musculature. About X 150. 

Fic. 2. Heart. Auriculoventricular wedge. Grade 3 plus lesion. The outstand- 
ing feature is the subintimal infiltration of the thebesian vein, as well as the 
perivascular reaction. About X 150. 

Fic. 3. Heart. High power photomicrograph of blood vessel shown in Fig. 2, 
illustrating character of round cell infiltration. About X 1200. 

Fic. 4. Liver. The perivascular nature of the lesion is best exemplified in a case 
showing early lesions of a Grade 1 plus intensity. Lesion restricted to portal 
area. About X 150. 
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PLATE 43 


Fic. 5. Liver. This case presents a severe lesion (Grade 4 plus) with invasion 
of the liver parenchyma, with bile duct and liver cell regeneration, and 
severe toxic damage to liver substance. x 150. 


Fic. 6. Liver. High power photomicrograph of Grade 4 plus lesion illustrating 
vascular origin of lesion and character of the cellular infiltration. x 1200. 


Fic. 7. Kidney. Illustrating the earliest significant change with the accumula- 
tion of mononuclear cells in the distended capillaries of the midzonal 
region. About x 750. 


Fic. 8. Kidney. Grade 2 plus lesion showing the subintimal cellular infil- 
tration and extension of the exudate as a perivascular reaction. Note rela- 
tive absence of glomerular involvement. About x 150. 
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PLATE 44 


Fic. 9. Kidney. Grade 4 plus type of lesion. The vascular origin is well demon- 
strated in this instance. Presents a picture almost of the so-called struma 
lymphomatosa. About x 75. 


Fic. 10. Spleen. Grade 2 plus lesion showing much more extensive subintimal 
mononuclear infiltration, as well as rather diffuse involvement of the splenic 
pulp. About x 150. 


Fic. 11. Adrenal. Grade 2 plus lesion about one of the central medullary vessels 
and extending into the cortex of the gland. About x 150. 


Fic. 12. Pituitary, pars intermedia. Presenting the same type of mononuclear, 
perivascular infiltration of the pituitary. Lesion most marked in the pars 
intermedia. About x 150. 
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ACUTE AND CHRONIC BACILLARY DYSENTERY * 


JoserH FELSEN, M.D. 


(From the Department of Laboratories and Research, The Bronx Hospital, 
New York, N. Y.) 


Acute bacillary dysentery may be defined as a systemic disease 
due to Bacillus dysenteriae in which the pathological lesions are 
caused by one or more toxins. According to this concept the intes- 
tine, often regarded as bearing the entire brunt of the disease, is 
really but one of several organs that may be affected. Evidence will 
be presented showing that at times extra-enteric manifestations 
may be far more detrimental and may even dominate the clinical 
picture. 

The intestinal lesions of bacillary dysentery may be reproduced 
experimentally in rabbits by the intravenous injection of either the 
living organisms or the toxin. As to the former, we have repeatedly 
recovered the organism in the intestines under proper control con- 
ditions 24 to 48 hours after injection into the marginal ear vein of a 
rabbit. The blood stream becomes sterile quite rapidly. In the 
human, positive blood cultures are rarely obtained. We therefore 
believe that the intestinal lesions in the human are essentially due 
to the excretion of the dysentery toxin, circulating free in the pe- 
ripheral blood stream, through the bowel wall into the lumen and so 
out of the body. Flexner called attention to this important mecha- 
nism in explaining the intestinal pathology. There is reason for be- 
lieving too that in the early stages the toxin may be reabsorbed 
through the intestinal wall and the cycle again repeated. The proc- 
ess may take place anywhere in the small or large intestine, but 
there appears to be a special predilection for the distal ileum and the 
colon where the most advanced lesions are generally found. Olitsky 
and Kligler! have described this thermostabile enteric endotoxin. 
The same authors isolated a relatively thermolabile exotoxin which 
has an affinity for the nervous system. We encountered neurotropic 
strains in 13 per cent of the patients in the Jersey City epidemic ? 
and in each case, but none other, there was an associated nasal or 
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labial herpes, suggesting an accompanying virus. Spinal fluid ex- 
aminations were entirely negative, including subdural inoculations 
into experimental animals. The transitory nature of the meningitic 
symptoms in these cases suggests rapid reabsorption into the blood 
stream and excretion through the intestines. In addition to the 
enteric and neurotropic toxins there appears to be sufficient clinical 
evidence pointing to the existence of at least two others, the arthritic 
and myelotropic. The former is suggested by the high incidence of 
acute arthritis in the acute stage of bacillary dysentery, a condition 
that may be more troublesome than the diarrhea and which often 
persists after the diarrhea has ceased. Thus far we have failed to 
isolate any organism from joint aspirations. In the chronic type of 
the disease, in which arthritis occurs long after the acute dysentery 
infection has subsided, the articular or periarticular involvement, 
which is quite common, is probably due to a streptococcus or strep- 
tococcic toxin. The organism is usually the enterococcus which may 
often be recovered from the intestinal contents, intramural ab- 
scesses and catheterized urine specimens of patients suffering from 
chronic ulcerative colitis. Attention has also been called to the 
leukopenia frequently encountered in acute bacillary dysentery. In 
the Sonne-Duval type* counts as low as 4000 cells per cmm. were 
relatively frequent. Within the past year we have seen 3 cases of 
acute fulminating bacillary dysentery with progressive toxic neu- 
tropenia,‘ all terminating fatally within 4 to 5 weeks. The total 
leukocyte count fell below 1000 cells per cmm., the granulocytes 
ranging from 2 to 10 per cent and exhibiting varying degrees of toxic 
change such as swelling of the cell bodies, coarse irregular cyto- 
plasmic granulation with vacuolization, and focal pyknotic areas in 
the nucleus with partial or complete disintegration. Two of the 
cases came to autopsy and bone marrow sections showed no evi- 
dence of deficiency in granulocyte production. The marked toxic 
granulocytopenia is therefore due either to the destructive action 
of the toxin in the peripheral blood or to a necrotizing action on the 
vascular sinusoids of the bone marrow into which the granulocytes 
must migrate after their extravascular formation. The term “mye- 
lotropic’”’ may therefore be properly reserved for a toxin that affects 
bone marrow or myelogenic elements. 

To summarize, the toxins of B. dysenteriae may be considered 
from the standpoint of selectivity as the enteric, neurotropic, arthri- 
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tic and myelotropic. They may also be divided according to their 
mode of action into the excretory (enteric) and absorptive (neuro- 
tropic, arthritic and myelotropic). And, finally, according to the 
degree of toxicity into the toxic non-mannite fermenting strains 
(Shiga-Kruse) and the comparatively mild mannite fermenting 
strains (Flexner, Hiss, Sonne-Duval). The last classification is 
somewhat misleading, however, as not infrequently we have en- 
countered extremely toxic strains in the Sonne-Duval and Mt. 
Desert types of bacillary dysentery. 

The tissue changes incident to infection with B. dysenteriae depend 
largely upon the virulence or selective action of the particular dysen- 
tery toxin and the degree of natural or acquired immunity in the 
host. It appears that some individuals possess a considerable degree 
of immunity to B. dysenteriae infection. This is probably more 
evident in tropical dysenteric regions than elsewhere, though we 
believe that this factor is now beginning to play a réle even in the 
north temperate zone where bacillary dysentery is prevailing with 
increasing incidence in many bizarre and hitherto unrecognized 
forms. A fine example of an acquired immunity was the Jersey City 
epidemic which gradually waned by the end of August, 1934, only 
to experience a recrudescence early in September when the non- 
immunes, chiefly children, returned to the city from their summer 
vacations. It is increasingly difficult to infect rabbits by the intra- 
venous route once they have been inoculated with even mild strains 
of B. dysenteriae. The permanence of immunity in children or 
adults is not definitely known, nor can it be judged by a persisting 
high agglutination titer, but it appears that the period is much longer 
than is generally supposed. 

The earliest intestinal lesion that we have noted in acute bacil- 
lary dysentery is a diffuse hyperemia of the mucosa of the small and 
large intestines with moderate edema and diffuse lymphoid hyper- 
plasia of the solitary acuminate lymph nodules. The latter stand 
out prominently against a reddened background as grayish, punctate 
rounded elevations. Peyer’s patches are similarly involved, a tuft of 
dilated blood vessels often surrounding and penetrating the outer 
margins. Sections taken at this stage reveal lymphoid hyperplasia, 
edema of the submucosa, plasma cell infiltration and marked conges- 
tion of all of the superficial vessels. The goblet cells of the mucosa 
are actively secreting large amounts of mucus, a process that ap- 
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pears to be due to irritation and serves as a protective film to the 
mucosa. At a later stage (the 2nd or 3rd day after the onset of the 
disease) the acute inflammation of the mucosa becomes more in- 
tense, fresh blood appearing to ooze through relatively intact epithe- 
lium. Superficial mucosal ulceration occurs, accompanied by hemor- 
rhage due to the action of the toxin on the walls of the submucosal 
vessels during the process of excretion from the blood stream through 
the wall of the bowel into the lumen. It appears that the major 
intestinal pathology is produced within the first 48 hours. The 
lymph nodules become larger and begin to undergo central necrosis 
so that portions of intestine fixed in formalin show dimpling of the 
nodules which often resemble in appearance the mouths of tiny 
diverticulums. As a general rule the average mild case does not go 
beyond this stage, which reaches its peak in about 1 week and then 
gradually recedes, clearing up completely in about 3 weeks. At the 
end of the 7th to 1oth day the diarrhea usually ceases, but this is not 
synchronous with the subsidence of the pathological lesions. The 
latter persist, but appear to heal rapidly in uncomplicated cases dur- 
ing the period of obstinate constipation which often follows cessa- 
tion of the diarrhea. It suggests nature’s effort at splinting the bowel 
in order to favor tissue repair. 

The lesions thus far described have been seen through the sig- 
moidoscope in adults and in autopsy specimens of infants. The 
colon is involved in every instance, but the process is not necessarily 
limited to this portion of the bowel. Many cases from the very start 
are characterized by an acute inflammation of the terminal ileum 
as well (acute enterocolitis, acute ileocolitis). We have seen 14 
such cases in which the clinical features were manifested solely 
in the right lower abdominal quadrant.® ® Pain and tenderness are 
present, but no rigidity. Often a mass may be felt in this region and 
spasm of the sigmoid may be noted in thin patients. There may be 
a normal or subnormal leukocyte count with a corresponding 
Schilling picture at the onset of the disease. The pyrexia generally 
varies from 99 to 101° F. All of the patients referred to were oper- 
ated on for acute appendicitis, but the appendix was found to be 
quite normal. The mesentery, however, was studded with numer- 
ous large, pinkish, succulent lymph nodes and the distal ileum was 
intensely reddened, swollen and clearly demarcated from the normal 
light grayish pink color of the contiguous healthy intestine. The 
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vascular arborizations were greatly exaggerated and the nodes along 
the mesenteric border of the ileum, at the ileocecal angle and in the 
mesocolon, participated in the acute process. In most cases thus 
far studied the acute distal ileitis appeared to subside in a few weeks, 
but in some the condition persisted. The association of an upper 
respiratory infection with mesenteric adenitis was occasionally noted 
in children, particularly in the Sonne-Duval type of bacillary dysen- 
tery. The diagnosis may be made clinically by means of the features 
above noted and the accompanying diarrhea. Epidemiological in- 
vestigation often reveals one or more contact cases. The laboratory 
diagnosis depends on the following triad: fecal culture, diagnostic 
fecal bacteriophage and agglutination titer. The specific dysentery 
organism is often isolated only during the 1st week, after which 
diagnostic bacteriophage appears in the feces and the agglutination 
titer of the blood begins to rise. Repeated studies for all three should 
be made on alternate days for at least six examinations. The agglu- 
tination set-up should include all strains of B. dysenteriae, not omit- 
ting the Sonne-Duval organism which is now being detected with 
increasing frequency. We prefer the macroscopic method, 4 hours 
incubation at 55°C. followed by ice-box incubation overnight. 
Smooth, agglutinable strains must be used. It should be noted that 
diagnostic titers in Sonne-Duval dysentery often do not exceed 
1: 50 while in all the other types a minimal titer of 1: 100 is required. 

The acute stage of bacillary dysentery, as we have encountered it 
(not including Shiga-Kruse type), generally subsides quite com- 
pletely by the end of the 3rd week. Intestinal symptoms persisting 
beyond this time indicate chronicity and the probability of ultimate 
secondary non-specific intramural infection. Sigmoidoscopic ex- 
aminations of patients with chronic dysentery reveal a boggy red- 
dened mucosa which bleeds upon the slightest trauma by the in- 
strument. Discrete or serpiginous ulcerations of the mucosa may be 
present and focal areas of lymphoid hyperplasia may be noted if the 
overlying edematous mucosa does not obscure the picture. The 
symptomatology includes periodic bouts of cramps, generalized ab- 
dominal soreness, and mucoid; watery or bloody diarrhea. These 
exacerbations may only last 1 to 3 days and in the intervening period 
there is no special complaint other than an indefinite abdominal 
discomfort. There appears to be no clear line of demarcation be- 
tween this phase of the disease clearly traceable to an original 
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infection with B. dysenteriae, the acute infection never having 
completely cleared up, and non-specific ulcerative colitis. The 
chronic stage of bacillary dysentery, therefore, blends imperceptibly 
with the non-specific stage, so called because the original infection 
has often been lost sight of. The dysentery organism has disap- 
peared and secondary infection, usually with the enterococcus and B. 
coli, takes place through the mucosal ulcerations originally produced 
by the toxin of B. dysenteriae. The denuded areas extend in all 
directions, become confluent, and extensive serpiginous or geo- 
graphic mucosal denudations occur. The small remaining islands 
of intact epithelium are often pinched off and swollen with accumu- 
lated secretion, edema and cellular infiltration so that they may ap- 
pear as pseudopolyps, termed “‘polyposis cystica”’ by Virchow. The 
secondary infection penetrates deeply into the wall of the bowel, 
along the mural lymphatic pathways, and not infrequently localized 
abscesses are formed in the submucosa or in the region of the cir- 
cular intermuscular lymphatic plexus. The intramuscular lymphat- 
ics appear to form a natural pathway for spread of the infection. 
Intramural abscesses may break through the serosa into the peri- 
toneal cavity, but usually a productive inflammation of the perito- 
neum occurs in advance of the slowly enlarging abscess so that by 
the time rupture occurs the area is well walled off and a generalized 
peritonitis fails to occur. The small submucosal abscesses fre- 
quently break through the overlying mucosa, if such be present, 
into the lumen of the bowel and the purulent material is eliminated 
with the feces. Clinically, intramural abscess formation is accom- 
panied by marked daily rises and remissions of temperature of the 
septic type, which disappear soon after the abscess breaks through 
into the bowel lumen with subsequent drainage. Most of these 
cases go on for years and during this time it is the exceptional patient 
who succeeds in epithelializing over the extensive ulcerated areas. 
In an attempt to combat the spread of intramural infection, or pos- 
sibly as the result of the usual mode of healing where loss of tissue 
has occurred, extensive intramural fibrosis occurs. This may be 
seen while the secondary non-specific infection is still active. Sec- 
tions taken through the wall of the bowel reveal mural thickening 
five to fifteen times the normal, and fibrous connective tissue re- 
places most of the coats so that only an occasional fragment of intact 
circular or longitudinal musculature can be discerned. The wall is 
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infiltrated with mononuclear cells, plasma cells, polymorphonuclears, 
and at a relatively early stage marked reticulum cell hyperplasia 
may be seen. The solitary acuminate lymph nodules disappear and 
the intestinal wall becomes a thick rigid tube consisting chiefly of 
vascularized connective tissue. It is this pathology that accounts 
for the loss of haustration and extreme narrowing of the intestinal 
lumen, regarded as diagnostic roentgenographical criteria typical of 
non-specific ulcerative colitis. We have noted also an accompanying 
hypertrophy of the Meissnerian and Auerbach nerve plexuses in the 
fibrotic stage of chronic ulcerative colitis. The process above de- 
scribed is not always limited to the colon where it often assumes a 
segmental distribution clearly delineated from contiguous normal 
bowel. It may extend beyond the ileocecal valve into the distal 
portion of the ileum (distal ileitis) where it produces essentially the 
same picture as in the colon, except that granulomatous giant cells 
are often encountered and may lead to a mistaken diagnosis of 
tuberculous ileitis. Search for tubercle bacilli and guinea pig inocu- 
lation of the macerated tissue will, however, invariably prove nega- 
tive. In the ileocecal region a productive type of inflammation with 
marked mural thickening and stenosis of the bowel may occur 
(“non-specific granuloma”). The microscopic picture reveals in- 
tramural infection, fibrosis and many giant cells. Any other part of 
the small intestine may be involved, often in a somewhat segmental 
fashion, giving rise to so-called “skip-areas”’ of chronic inflamma- 
tion. 


SUMMARY AND CONCLUSIONS 


The evidence on which the pathogenesis of the lesions that have 
been described is based may be summarized briefly as follows: 

1. Follow up studies of cases of acute bacillary dysentery have 
shown that in some patients the intestinal lesions persist long after 
the specific dysentery organism has disappeared from the feces. In 
these cases the agglutination titer remains high, with the possible 
exception of Sonne-Duval dysentery in which the initial as well as 
subsequent titer may remain relatively low (1:50). Diagnostic 
bacteriophage and positive fecal culture may be demonstrated in 
some cases. The longest period of observation in this group is 4 
years, the shortest 6 months. In the follow up studies of the Jersey 
City epidemic,’ 122 out of a total of 210 hospitalized cases were re- 
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examined 9 to 12 months after the acute attack and 18.8 per cent 
gave definite clinical or roentgenographical evidence of chronic 
ulcerative colitis. 

2. Epidemiological studies have revealed a definite contact and 
familial incidence in non-specific ulcerative colitis and a geographic 
distribution corresponding to that of bacillary dysentery. The con- 
tention that non-specific ulcerative colitis cannot be transmitted by 
contact is only partly true for the disease is actually transmitted in 
this manner during the period of initial infection with B. dysenteriae. 
We have offered evidence of the familial incidence of non-specific 
ulcerative colitis, the patients all exhibiting diagnostic titers against 
B. dysenteriae and in addition, in some instances, diagnostic phage.® 

3. Positive agglutination titers against B. dysenteriae have been 
obtained in 62 consecutive cases of non-specific ulcerative colitis, in 
2 cases of chronic non-specific granuloma, and in 14 cases of chronic 
distal ileitis. Acute distal ileitis has been encountered in 14 cases of 
acute bacillary dysentery. 

4. Control studies ° of 300 serums showed an incidence of diag- 
nostic titers against B. dysenteriae of only 4.6 per cent, as compared 
with the figures obtained above in non-specific ulcerative colitis. 

The facts above presented are perhaps not without their practical 
significance. The character and mode of action of the dysentery 
toxins suggest that to be most effective a specific therapeutic serum 
must be used within the first few days when the major intestinal 
lesions occur. Moreover, antidysentery serum should be essentially 
an antitoxin effective against known toxins that have been properly 
standardized by biological methods. Active immunization must be 
directed chiefly against the secondary non-specific invaders, for 
residual dysentery infection is the exception rather than the rule. 
Surgical excision is not advisable, except in an emergency, as re- 
sections are generally made through infected bowel with resulting 
recurrence of the original condition. Intramural infection often 
extends well beyond the line of visible demarcation. In some cases 
“skip-areas’’ of segmental inflammation are completely overlooked, 
for they may occur anywhere in the small or large bowel. 
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DESCRIPTION OF PLATES 


PLATE 45 


Fic. 1. Punctate follicular hyperplasia and necrosis seen in early stage of acute 
bacillary dysentery (Flexner type). 


Fic. 2. Acute fulminating bacillary dysentery (Mt. Desert type) with marked 
toxic neutropenia. Note advanced ulcerative lesions in bowel. Death fol- 
lowed perforation during the 5th week of the disease. 
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PLATE 46 


Fic. 3. Resected portion of ileum showing chronic distal ileitis. One year later 
the patient, a physician, was still excreting B. dysenteriae Flexner. This is 
a productive type of inflammation with giant cells and is often confused 
with tuberculosis. 

Fic. 4. Chronic ulcerative colitis in a child following infection with B. dysen- 
teriae. Note serpiginous ulceration, inflammatory polyposis and mural 
thickening due to fibrosis. 
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A VIRUS DISEASE OF OWLS * 


R. G. GREEN, M.D., AND J. E. SHILLINGER, D.V.M. 


(From the Department of Bacteriology and Immunology, University of Minnesota, 
Minneapolis, Minn., and the Bureau of Biological Survey, United States 
Department of Agriculture, Washington, D.C.) 


A great horned owl (Bubo virginianus) found dead and furnished 
us for study has yielded information sufficient to establish the 
existence of a virus disease affecting that species. Circumstances 
surrounding the finding of this carcass have been described by 
Errington.! The mate of the owl was picked up dead in a highly 
decomposed state at a later date under the same roost tree. Ap- 
parently both birds of this pair succumbed to the infection at about 
the same time. The disease occurred in the wintertime, the first 
owl being found freshly dead on Feb. 21, 1932. 

The bird received for examination, No. B-10214, was an adult in 
full flesh, weighing 1134 gm. As the crop contained considerable 
food, extreme illness was probably not of long duration. The liver 
was congested and studded with fine necrotic areas. The spleen 
was enlarged and covered with many small abscesses of varying 
size. Other organs appeared normal. Cultures yielded a diph- 
theroid organism which was found non-pathogenic for owls. 

Transmissions by means of a pooled suspension of liver and muscle 
were immediately attempted. A horned owl, No. T-414, injected 
with liver and muscle suspension, died after 6 days without showing 
marked symptoms until just previous to death. The spleen was 
greatly enlarged, consisting of a solid mass of firm abscesses of pin- 
head size. The liver was covered with necrotic nodules which were 
not nearly so numerous, however, as in the spleen. 

Owl No. T-412, a screech owl (Otus asio), injected at the same 
time, was found dead after 7 days. The spleen did not appear en- 
larged but showed a few indistinct areas of apparent necrosis. The 
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liver appeared normal and showed no evidence of necrotic areas 
even upon close examination. Other organs also appeared normal. 

A barred owl (Strix varia varia), No. T-413, injected with the 
original material, remained well. Two guinea pigs and two pigeons 
inoculated with infective material remained well. 

A considerable time elapsed before more owls were available for 
transmission, and when an attempt was made to produce further 
experimental infections it gave negative results. 

Examination of microscopic sections showed the presence of very 
definite and peculiar inclusion bodies both in the original owl and in 
the two experimental owls succumbing to the infection. The pres- 
ence of these inclusion bodies demonstrated that the infection was 
caused by a virus and was successfully transmitted to owls experi- 
mentally. A description of the microscopic findings follows. 


Microscopic EXAMINATION 


Owl No. B-10214: Horned owl (Bubo virginianus) found dead of 
natural disease. Necrosis of the liver cords was evident throughout 
the lobe examined, and in certain areas little staining cytoplasm was 
left. Scattered throughout the liver were numerous well defined 
necrotic abscesses. These consisted of foci of rather uniform cyto- 
plasmic débris, in the center of which was a concentration of nuclear 
fragments. Many of these nuclear fragments could be seen to sur- 
round partially and to be attached to eosin staining material of a 
much deeper hue than the cytoplasmic débris. This eosinophilic ma- 
terial appeared to consist of fragments of inclusion bodies. Toward 
the periphery of the abscess were intact nuclei with no definite rela- 
tion to cytoplasmic material. The nuclei, in general, were heavy 
rings entirely filled with a deep staining matrix, reddish purple in 
color, and represented nuclei entirely filled with inclusion body 
material. Farther toward the periphery were nuclei definitely asso- 
ciated with masses of necrotic cytoplasm having some resemblance 
to the original liver cords. These nuclei carried inclusion bodies often 
well separated from the nuclear membrane. The inclusions varied 
from small eosinophilic bodies within an almost normal nucleus to 
masses of deeply stained eosinophilic material completely filling the 
nuclear ring. In the small necrotic areas there was little evidence of 
cellular infiltration, the entire amount of nuclear residue appearing 
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to come from cells normally within the area. The larger abscesses 
showed definite zonal structure and the center of the abscess was 
occupied by much more nuclear débris than could originate from 
cells normally in the area. It was not possible, however, to recognize 
clearly that this débris originated from infiltrating cells. A few 
large vesicular nuclei indicated some cellular proliferation within the 
abscess, which might also account for the concentration of nuclear 
elements. A definite zone of nuclei containing well defined inclusions 
surrounded the abscesses, whether large or small. While a few in- 
clusions were found generally scattered throughout the liver, they 
were usually grouped peripherally with relation to the abscess 
formation, as shown in Figure 1. Generally those inclusions found 
somewhat apart from the definite abscess were of the smaller type, 
not filling the entire nucleus, and appeared to be in the formative 
stage. In a few areas of the liver there was evidently a definite 
cellular infiltration limited to rather small areas, but the cells 
seemed to be independent of either the localized necrosis or the 
occurrence of inclusion bodies. 

Owl No. T-414: Horned owl (Bubo virginianus) inoculated experi- 
mentally. The liver, covered grossly with necrotic areas, presented 
microscopically a mass of abscesses varying from small to very large. 
The general structure of the abscesses was similar to that described 
for the naturally infected owl, except that the focal structure was 
even more marked. The abscesses were much larger and the inclu- 
sions more numerous and more completely developed. In some 
medium power fields the hundred odd nuclei in evidence all con- 
tained uniformly an inclusion body filling the entire nucleus. 

A section of the spleen showed this organ to consist of a mass of 
macroscopic abscesses. Little normal structure of this organ could be 
made out microscopically because of widespread necrosis and masses 
of nuclear débris. Numerous nuclei were discerned carrying well de- 
fined nuclear inclusions similar to those seen in the liver. Some of 
the nuclei appeared to be in the reticular cells, but in most cases the 
type of cell could not be determined. Several well defined inclusions 
were evident in cells making up the splenic capsule and in cells quite 
definitely representing the endothelium of blood vessels. A number 
of capillaries showed proliferation of the endothelium. 

A section of kidney taken from this owl showed moderate necrosis 
of the tubular epithelium. Many of the tubules contained calculi 
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which obviously were not a part of the infective process. No cellular 
infiltration, no focal necrosis and no inclusion bodies were present in 
the kidney. 

Owl No. T-412: Screech owl (Otus asio) inoculated experimentally. 
Microscopic examination of the liver showed the presence of wide- 
spread necrosis. The process was of lesser degree than that seen in 
the case of the great horned owl, both for the natural and the experi- 
mental infection. The liver did not show any dense collections of 
necrotic débris which could be called an abscess in the usual sense of 
the term. Cells containing inclusion bodies were, however, scattered 
throughout the liver tissue, occasionally occurring in somewhat 
localized groups. These collections of inclusion bodies were typi- 
cally associated with a small area of advanced necrosis in the liver 
cord cells. This picture represented without question an earlier stage 
of the abscesses than that seen in the case of the horned owl. In 
these early lesions there appeared to be no infiltrating cells whatso- 
ever. Scattered throughout the liver, however, were occasional 
areas of perivascular infiltration. These lesions did not appear to be 
associated with any marked necrosis or with the presence of inclusion 
bodies. Not only were the inclusion bodies in the liver of the screech 
owl much less numerous than in the case of the horned owls, but 
most of the inclusion bodies themselves were smaller. For the most 
part, the inclusion bodies did not fill the entire nucleus and occupied 
but a small part of the intranuclear space, distinctly separated from 
the nuclear wall. There were, however, many inclusions identical 
with those seen in the horned owls. 

The spleen, which showed no changes grossly, also appeared nor- 
mal microscopically. Sections of lung showed a rather marked de- 
gree of congestion but the alveolar spaces appeared free of exudate. 


DISCUSSION 


The common occurrence of very typical inclusions in all three owls 
can leave no doubt that the disease is caused by a filterable virus. 
The consistent location of the inclusion bodies in the liver indicates 
that this organ is typically involved in the infection. From the ex- 
tensive damage done to this organ it would seem to be the principal 
site of the infection. That the spleen may be involved is shown by 
the definite inclusion bodies in the spleen of one infected owl. 
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The manner of development of the lesions in the liver may be sur- 
mised from a study of the available material. The earliest lesion is 
apparently cytoplasmic necrosis of a few adjacent cells with the for- 
mation of intranuclear inclusion bodies. Cytoplasmic necrosis de- 
velops concurrently with the appearance of small inclusion bodies 
within the nuclei. Often the degenerating cytoplasm shows numer- 
ous acidophilic bodies which are much lighter staining than the in- 
tranuclear inclusions. These cytoplasmic bodies are shown faintly 
throughout the cytoplasm in the central cell in Figure 4. As the 
mass of cells involved increases in size, there appears nuclear frag- 
mentation of the centrally located nuclei. With nuclear fragmenta- 
tion the outlines of the inclusion body become less distinct, but in 
many cases the intact inclusion can be observed with attached frag- 
ments of chromatin or nuclear membrane. With further develop- 
ment of the lesion the central mass of nuclear fragmentation becomes 
very dense, as shown in Figure 1. It does not seem possible that all 
of these nuclear fragments could originate from locally distributed 
cells. As no intact cellular elements could be made out, it would 
seem that cells infiltrating into the area quickly became necrotic and 
underwent fragmentation. With the formation of the dense collec- 
tion of necrotic material there develops a peripheral extension of the 
process which results in a wide surrounding zone of nuclei containing 
well defined inclusions and marked cytoplasmic necrosis. This ad- 
vancing zone of involvement is often rather sharply demarcated 
from the normal liver tissue. 

An apparent development of the intranuclear inclusions may be 
followed through various stages of formation. The first small 
acidophilic body occurs before any great change has taken place in 
the nucleus. As the inclusion increases in size there is evident de- 
generation in the interior of the nucleus with progressive margina- 
tion of chromatin. The cell cytoplasm becomes necrotic. As the 
inclusion increases in size, margination of chromatin becomes more 
marked and coarse in structure. Some of these stages are shown in 
Figure 3. Finally, the inclusion fills out the nucleus and comes into 
actual contact with the nuclear membrane, so that the nucleus ap- 
pears as a heavy ring entirely filled with deeply staining acidophilic 
material. Sections cutting through large masses of marginated 
chromatin often show a clear space between the inclusion body and 
the mass of chromatin. This is shown in the central cell in Figure 5. 
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SUMMARY 


A virus disease has been recognized as a natural disease in the 
great horned owl (Bubo virginianus). The infection has been trans- 
mitted experimentally to the same species and to the screech owl 
(Otus asio), but not to the barred owl (Strix varia varia). The disease 
is characterized by the formation of multiple abscesses in the liver 
and, less consistently, in the spleen. Large intranuclear inclusion 
bodies occur typically in the hepatic cells. 
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DESCRIPTION OF PLATE 


PLATE 47 


Fic. 1. Owl No. B-10214. Liver. Miliary abscess, late lesion: cellular infiltra- 
tion following necrosis; zone of inclusion bodies lies between dense in- 
filtration and normal liver tissue seen on right. x 200. 


Fic. 2. Ow] No. T-414. Liver. Marked necrosis of hepatic tissue with intranu- 
clear inclusions. Early lesion; no cellular infiltration. x 750. 


Fic. 3. Owl No. T-412. Liver. Hepatic nuclei showing margination of chro- 
matin and inclusion bodies in the three stages of development. x 2200. 


Fic. 4. Owl No. T-412. Liver. Developing inclusion body in nucleus of hepatic 
cell. Marked necrosis of cytoplasm with numerous small cytoplasmic 
bodies. x 2700. 

Fic. 5. Owl No. T-414. Liver. Nuclei of hepatic cells showing fully formed 
inclusions filling the entire nucleus. Chromatin in heavy peripheral masses. 
X 2200. 
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SO-CALLED ATROPHY OF THE ADRENAL CORTEX WITH 
INTRANUCLEAR INCLUSIONS * 


REPORT OF A CASE 


H. A. WEINER, M.D. 


(From the Laboratory of Pathology, Yale University School of Medicine, 
New Haven, Conn.) 


Since Addison in 1855 first described the symptom-complex now 
known by his name, it has become common knowledge that by far 
the largest number of cases are associated with bilateral and exten- 
sive tuberculosis of the adrenals. That there are, however, numer- 
ous other destructive processes involving these glands and reproduc- 
ing more or less faithfully the same clinical syndrome also has long 
been known. Of these, the most interesting and most frequent 
(about 15 per cent of all reported cases of Addison’s disease ') is a 
process resulting in bilateral selective cortical damage. This was rec- 
ognized as early as 1885 at least, when Coupland? reported a case of 
‘simple atrophy ”’ and was able to find 6 more in the English litera- 
ture. By 1908 Bittorf* had collected 47 cases. In 1929 Guttman 
analyzed 68 reported cases (1900-1929) and the last decade has wit- 
nessed an even greater increase in interest in this disease.» * » © 7 
Our knowledge, however, of the etiology and pathogenesis of this 
strange entity has hardly kept pace with the accumulation of gross 
and histological data, and this is mirrored by the multiplicity of 
names with which it has been designated — chronic idiopathic 
(primary) suprarenal insufficiency (Bittorf), simple atrophy (Kara- 
kascheff), idiopathic atrophy (Simmonds), inflammatory granular 
atrophy (Réssle), cytotoxic contracted suprarenal gland (Kovacs), 
and so on. 

The finding of intranuclear inclusion bodies in the cells of the 
adrenal cortex has stimulated the report of the following single case. 


REPORT OF CASE 


Clinical History: J. N., Hospital No. A60474, a 53 year old Jewish female, 
was admitted to the New Haven Hospital on August 26, 1935, with a history of 
‘“‘unconsciousness”’ for several days. She died 20 hours after admission. 

* Received for publication November 22, 1935. 
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Her family and past histories, as far as could be elicited, were non-contribu- 
tory. She was said to have been intelligent, very energetic, and had efficiently 
operated a real estate business. She received a blow in the left occipitoparietal 
region in April, 1935, when the car she was driving was in a collision. She con- 
tinued to drive the machine and though it is reported that there were no immedi- 
ate sequelae, she was observed at the Park City Hospital (Bridgeport) for sev- 
eral days without the disclosure of anything of significance. However, a train 
of symptoms appeared, consisting at first of complaints of weakness and “not 
feeling right.” The patient’s husband noticed that she was increasingly nervous 
and irritable, and she became unable to continue her work. No blood pressure 
data were obtained at this period. The condition progressed and by mid-July 
additional symptoms made their appearance — nausea, retching, vomiting and 
vague epigastric pain, apparently not related to food. 

On August 7th she was admitted to the Bridgeport Hospital where she re- 
mained for 10 days. Physical examination, electrocardiography, gastro-intesti- 
nal X-ray series and the Graham gall-bladder test yielded nothing of signifi- 
cance. The hemoglobin was 83 per cent. Blood Wassermann and Kahn reac- 
tions were negative. The blood pressure is stated to have varied from 110/85 
to 125/90 mm. Hg. on several occasions. The pulse was rapid (110-120 per 
minute), often thready. She was discharged with a diagnosis of traumatic 
neurosis. 

Continued extreme restlessness, irritability and marked weakness necessi- 
tated a liberal use of sedatives (chloral hydrate, bromides and sodium amytal). 
Of the latter she received about 25 gr. from August 20th to August 22nd. She 
then gradually became semicomatose. Lumbar puncture revealed 20 cells per 
cmm. The Wassermann and Pandy tests and the colloidal gold curve were 
negative. On August 24th complete unconsciousness supervened, and although 
the neurological findings were vague, a diagnosis of probable subdural hemor- 
rhage or brain tumor was made and the patient was transferred to the New 
Haven Hospital. 

On admission the patient was completely unconscious. The temperature 
was 102.6° F., the pulse rate 140 per minute, the respirations 48 per minute, 
and the blood pressure 60/20. The upper teeth were absent. There was very 
slight edema of the left optic disc. The heart sounds were of poor quality. The 
lungs were clear and the abdomen soft. The neurological findings were indefi- 
nite: slight ptosis of the right eyelid, slight right facial weakness, faintly elicited 
abdominal reflexes, absent knee and ankle jerks and a positive right Oppenheim 
reflex. 

Her course in the hospital was precipitously downhill. The pulse rate con- 
tinued rapid at 160-180 per minute; the blood pressure dropped shortly after 
admission to 50/? and finally was not obtainable. The temperature rose to 
104.5° F. Therapy consisted of large quantities of parenteral glucose and saline 
but death ensued 20 hours after admission. The patient, it is interesting to note, 
was anuric for 48 hours before death. There were two loose bowel movements, 
not further characterized. 

The laboratory data showed a hemoglobin of 52 per cent with 3,900,000 red 
blood cells per cmm., 13,400 white blood cells per cmm., with a differential 
count of 58 per cent polymorphonuclear leukocytes and 35 per cent lympho- 
cytes. The urine (2 cc. obtained by catheterization) was amber-colored, acid, 
negative for sugar and showed epithelial cells microscopically. The blood non- 
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protein nitrogen was 68 mg. per cent and the sugar 89 mg. per cent. Blood 
chlorides were 110 m.eq. (done after death, on a specimen of blood removed for 
other purposes, after considerable parenteral saline therapy). The blood Kahn 
reaction was negative. 

Postmortem analysis of the liver showed 20 mg. of barbiturates to 500 gm. 
of liver. This was performed because amytal poisoning was suspected during 
the end of the clinical course. 


POSTMORTEM EXAMINATION * 


Gross Description: The body was short, well developed and well 
nourished to the point of obesity. The skin was of a slightly dusky 
pallor. Although several skin areas, especially over the forearms, 
had a suggestive yellowish brown coloration, no definite punctate or 
diffuse pigmentation was seen either over the skin or mucous mem- 
branes. The scalp hair was abundant and somewhat coarse. The 
ears, eyes and nose were negative. The buccal mucosa was intact 
and was not evidently pigmented. The upper teeth were absent. 
Superficial examination of the chest, abdomen and perineum was 
negative. There was considerable subcutaneous adipose tissue, 
attaining a thickness of 5.5 cm. over the abdominal wall. The peri- 
toneum was smooth and glistening and the viscera were all normally 
disposed. There was no evident enlargement of the mesenteric 
lymph nodes. The thymic region was entirely replaced by a large 
mass of adipose tissue. There were numerous, thin fibrous adhesions 
in the left upper pleural cavity. 

The heart was small and weighed 255 gm. The musculature was a 
uniformly dark brown. The valves were thin and delicate. The 
coronary arteries were thin-walled and patent. 

The right lung weighed 430 gm. and the /eft 375 gm.; both were 
covered with a glistening pink pleura. The tissue was uniformly 
soft and crepitant and the cut surfaces were moderately dry and 
spongy. Several patches of superficial atelectasis were found over 
the posterior aspect of both lower lobes. The bronchi and the pul- 
monary vessels showed nothing of note. 

The spleen weighed 125 gm. and was moderately firm. The cut 
surface was slightly moist, a homogeneous crimson, and liberally 
peppered with translucent gray malpighian corpuscles. The capsule 
was delicate. 

The stomach and duodenum showed nothing of note. 


* Autopsy No. 3517. 
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The gall-bladder was thin-walled and contained 50 cc. of semiviscid 
green-brown bile. 

The pancreas weighed go gm. and was normal. 

The liver was normally shaped and weighed 1290 gm. The capsule 
of Glisson was uniformly glistening, thin and transparent and 
through it a bright, slightly brownish yellow parenchyma was visible. 
On section the areas around the hepatic veins were dark red and 
stood out brilliantly against the diffuse yellow background, thereby 
accentuating the usual hepatic lobulation. 

The right kidney weighed 155 gm. and the left kidney 165 gm. 
Both were firm with thin capsules which stripped easily, exposing a 
brownish to reddish orange-tinted, smooth parenchyma. The cortex 
averaged 7 mm. in width and was distinctly demarcated from the 
medulla. The striations were regular but showed some blurring. 
The pelves were small. No abnormality was detected in the renal 
vessels. No urine was found in the small bladder. Patent ureteral 
orifices opened into thin and delicate ureters. 

The uterus was small and not unusual. The cervix revealed a few 
scattered, small Nabothian cysts. The vagina was not remarkable. 

Each ovary measured 2 by 1 by 1 cm., was ovoid and firm; the sur- 
face was corrugated, glistening and yellow-white. The Fallopian 
tubes were normal. 

The tongue showed little except smooth and shiny lateral surfaces 
in its anterior portion. 

Nothing unusual was seen in the esophagus, larynx or trachea. 

The intestinal wall was thin throughout with an intact serosa. The 
mucosa was velvety. Scattered, fresh petechial hemorrhages were 
noted in the mucosa of the small intestine, and a few confluent super- 
ficial areas in that of the large intestine. 

The aorta and its major divisions were elastic. A few intimal 
patches of soft atheroma were present. 

Careful examination failed to revea! any evidence of old or recent 
trauma in the scalp or any trace of recent or old fracture in the cal- 
varium or base of the skull. The brain presented no abnormality 
externally or in multiple sections. The tentorium was slightly calci- 
field. The paranasal sinuses were dry and pink. 

The thyroid was of the usual butterfly shape and weighed 25 gm. 
Externally and on section, spongy reddish brown areas alternated 
with firm yellowish gray areas. There was no grossly visible colloid. 
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The parathyroids were not recovered, even after careful search. 
Each adrenal was firmly embedded in considerable adipose tissue. 

Both glands were evidently much reduced in size — the right 

weighed 4 gm. and the left 2 gm. The right was flattened and meas- 

ured no more than several millimeters in its widest cross-section. 

The left was compact, elongated and triangular in cross-section. 

The glands were firm and externally a mottled gray-brown. Multi- 

ple cross-sections failed to reveal any traces of the usual architecture. 

The medulla was alternately dark brown and translucent gray. In 

some sections the medulla was contiguous with the capsule, in others 

irregular, small, yellow-gray and pale brown islands or vaguely inter- 
lacing strands formed what were apparently cortical remnants. 

None of the usual yellow color was seen in any of the cross-sections. 
The hypophysis was slightly cup-shaped but revealed no gross 

abnormality. 


Microscopic EXAMINATION 


Tissues were Zenker-fixed and stained with hematoxylin-eosin, 
unless otherwise noted. 

The heart appeared normal except for a slight increase in the 
quantity of perinuclear lipochrome granules. 

The lungs were not remarkable. 

The spleen showed a very cellular pulp. The majority of the cells 
were mononuclear— macrophages, plasma cells and lymphocytes — 
but numerous polymorphonuclear leukocytes, focally concentrated, 
and a not inconsiderable number of eosinophiles were present. 
Scattered granules of intra- and extra-cellular golden yellow pig- 
ment were seen. The malpighian corpuscles were numerous with 
large germinal follicles, the central portions of which were necrotic. 

In the pancreas the only abnormality was one small focal area of 
fibroblastic proliferation and lymphocytic infiltration. 

The liver showed extensive fatty deposition in all the cells, espe- 
cially marked periportally. The architecture was otherwise not 
disturbed. 

The kidneys showed a well preserved architecture. The epithelial 
cells in the proximal convoluted tubules were swollen and contained 
numerous small fat droplets, as demonstrated with Sudan III. 

A preparation through the colon showed fresh hemorrhages in the 
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mucosa and many macrophages containing golden yellow pigment 
in the tunica propria. 

The diaphragm was normal histologically. 

A section through the anterior portion of the tongue revealed a 
moderate degree of fibrosis. 

Preparations through both ovaries showed the usual atrophic 
ovarian tissue. 

The thyroid consisted largely of small follicles, frequently with 
almost absent lumens, either devoid of colloid or containing a ma- 
terial that stained green in the Masson trichrome preparation, in 
contradistinction to red of normal colloid. The epithelium was 
largely cuboidal, occasionally columnar and well preserved. None 
of the infoldings and papillary projections usually associated with 
hyperplasia was seen. The connective tissue stroma appeared thick- 
ened in only a few areas, but focal collections of lymphocytes were 
frequent. Many of these focal lymphocytic infiltrations showed 
central lymph follicle formation (Fig. 1). 

The hypophysis was sectioned serially and presented no abnormali- 
ties. 

Numerous histological preparations of the brain failed to reveal 
any abnormality. 

Many complete cross-sections, including both adrenals, were 
studied and only presented minor variations in the microscopic pic- 
ture. The capsule was intact and not thickened. The general archi- 
tecture was strikingly disorganized and this was almost entirely due 
to the cortical damage. Instead of the usual rows of parallel cell 
cords the cortex was frequently absent, so that the medulla was adja- 
cent to the capsule on either side (Fig. 2). In other areas adenoma- 
tous-like areas of cortical cells vaguely arranged in irregular cords or 
masses were seen (Fig. 3). Or frequently, isolated cells or small 
groups of cells were embedded in a fibrous connective tissue back- 
ground. The latter did not appear to be increased and this view was 
substantiated in the preparations stained with Mallory’s anilin blue 
collagen stain. This connective tissue was rich in capillaries and was 
most abundant in the regions where the cortex was missing. The 
entire tissue was infiltrated with lymphocytes and plasma cells but 
not uniformly, some areas being densely infiltrated while others 
contained scattered individual cells. The medulla was everywhere 
abundant and consisted of elongated cells with a highly vascularized 
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connective tissue stroma. Chromaffin granules were rare. Small 
focal areas of lymphocytic infiltration were present in scattered 
areas. There was no perceptible abnormality of the larger or smaller 
blood vessels. 

The individual cortical cells showed striking variations in size and 
shape. Many of the cells were of the usual size and somewhat 
polygonal but the majority were large, many enormous, with 
rounded or irregular contours. Even with the ordinary high power 
magnification, the cytoplasm presented variable appearances: it 
frequently stained a homogeneous translucent pink, sometimes 
pale, sometimes intense; in other areas it was finely or coarsely 
granular; and in still others was delicately vacuolated and reticular. 
The cytoplasmic borders were frequently broken and the frayed, 
granular cytoplasmic edges projected in irregular streamers. Many 
cells contained fine yellow-brown granules, resembling chromaffin 
granules, evenly distributed throughout the cytoplasm. A Sudan III 
stain showed that most of the cortical cells were devoid of fat, but 
haphazard groups contained moderate amounts of finely divided 
intracytoplasmic globules. 

The nuclei of these cells were roughly round in contour but showed 
extensive variations in size and structure. Not infrequently, two or 
three nuclei were seen in a single cell. Very few of these appeared 
normal, i.e. with evenly distributed, dark blue staining chromatin 
granules, a few scattered acidophilic or amphophilic granules, and a 
slightly eccentric or central dark blue staining nucleolus. The ma- 
jority of nuclei presented changes which, despite an apparent diver- 
sity, definitely suggested various stages in a process. It is obviously 
precarious to describe a process in terms of end-results, but an at- 
tempt will be made to describe the findings in the most plausible 
sequence. The most common — and this was seen in varying degree 
in most of the nuclei — was a partial disruption of the dark blue 
staining chromatin network, with a tendency for the individual 
chromatin granules to migrate peripherally toward the nuclear 
membrane. The one or two nucleoli usually present participated in 
this migration. In not a few of these nuclei the amount of chromatin 
seemed to be appreciably decreased. Scattered throughout the 
nuclear background, diffusely but with some focal concentration, 
were pale pink staining granules, discrete or partially and irregularly 
fused. The greatest concentration of this acidophilic material was, 
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as a rule, toward the center. The nuclear membrane was often 
slightly thickened. Not infrequently nuclei showing these changes 
were astonishingly large with a relatively thin nuclear membrane. 
Such nuclei were generally found in correspondingly large cells. 
There was no precise correlation between nuclear and cytoplasmic 
change but nuclei showing the above changes in a high degree were 
usually surrounded by very granular, pale staining cytoplasm with 
frayed edges. Next in frequency were nuclei in which the peripheral 
chromatin migration was more pronounced, although even here 
granules of chromatin were occasionally still present in the central 
area. The acidophilic material in these nuclei stained a somewhat 
deeper pink and the individual granules had largely fused into an 
amorphous mass. Occasionally one or two small, round, compact 
acidophilic inclusions were surrounded by loose amorphous granules. 
In this type of nucleus there was frequently a suggestive halo be- 
tween the central pink staining material and the peripherally placed 
chromatin. As a rule, these nuclei were found in groups. The least 
frequent type of nucleus with acidophilic inclusions was found only 
after careful search. Roughly speaking, one, two or three were seen 
in each section. These were of two types: the first (Fig. 4) in which 
the nuclear membrane was thickened or wrinkled, the chromatin 
largely peripherally located with considerable amounts of it seem- 
ingly fused to the inner wall of the nuclear membrane, a clear halo 
just within the chromatin layer and a round, deep, pink staining, 
slightly mottled inclusion, occasionally containing a blue staining 
area, occupying the central part of the nucleus; and the second (Fig. 
5) in which the central inclusion was surrounded by a thin, dark 
blue staining, apparent membrane, on which chromatin granules 
were marginated. In the latter type of cell a halo was absent. 

No noteworthy differential characteristics were brought out by 
special stains. The inclusions were stained bright red by Mallory’s 
anilin blue collagen stain, reddish brown by Masson’s trichrome 
stain (ponceau- acid fuchsin-lichtgriin), and pale pink by eosin- 
methylene blue and by the Giemsa stain. 

Nuclear inclusions were carefully looked for but to no avail in all 
of the sections of the other tissues in this case and in many adrenals 
from cases of varied diseases. 
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DISCUSSION 


The clinica] history in this case presents several features worthy at 
least of brief comment. Detailed analyses are available in a few of 
the extended reports in the literature.’* The apparently sudden onset 
of a disease certainly not prima facie functional, following trauma 
with no evident physical consequences, seems difficult to under- 
stand. However, that terrific emotional strains or minor accidents 
will frequently precipitate an Addison’s disease associated with 
“atrophy,” as well as with tuberculosis of the adrenals, is evident to 
everyone after a review of the literature. Marajfion ® has recorded 
numerous instances. Patients with Addison’s disease, it is well 
known, are extremely poor surgical risks. Can it be that the disease 
process has progressed subclinically until a sudden demand on the 
adrenals demonstrates dramatically that they have lost their margin 
of safety? Swingle and Parkins * have recently made an experimen- 
tal approach to the problem. By subjecting normal and adrenalec- 
tomized, healthy vigorous dogs to various degrees and forms of 
trauma (surgical, testis, intestinal and muscle), they demonstrated 
an extreme susceptibility to even slight trauma in the adrenalec- 
tomized animals. Such animals develop profound and fatal shock 
rapidly. Cortin, before or after the trauma, will restore the animal. 
Apparently, the only variable factor is cortin, of which the adrenal- 
ectomized animal has no reserve. 

The fact that the blood pressure of the subject of this report was 
apparently normal until the terminal crisis is not remarkable and 
has been noted frequently enough. The value of this as a clinical 
differential point between ‘‘atrophy” and tuberculosis ’° has been 
denied. 

The relatively rapid progress of the illness observed in this pa- 
tient is interesting. Though an acute course of several months or less 
is not usual, it occurs with both tuberculosis and “atrophy”’ but is 
much less frequent in the latter.’ 

Pigmentation, it is well known, is not a sine gua non of Addison’s 
disease. Guttman furthermore has collated the material from the 
literature showing that the course is significantly long where pig- 
mentation is marked, and is generally of brief duration where weak- 
ness is the predominant symptom. 
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The pathological features of this case, except for the nuclear in- 
clusion bodies, fit completely the numerous descriptions given by 
various authors. The adrenals are small and shrunken, and exter- 
nally in a miniature way frequently resemble cirrhosis of the liver. 
There is complete distortion of the usual architecture on cut section. 
Microscopically the lesions are limited almost exclusively to the 
cortex, the medulla generally showing, if any lesion at all, a variable 
amount of lymphocytic infiltration. The cortex may be completely 
absent or replaced by nodular hyperplastic islands of cells, or isolated 
cells embedded in an infiltration of lymphocytes or plasma cells. 
The cells vary in size: the cytoplasm is generally poor in lipoid con- 
tent and frequently has irregular borders. The nuclei show marked 
variability in size, shape and chromatin content. The fibrosis is 
slight and is evidently a contraction phenomenon. 

The thyroid is almost constantly reported to show lymphocytic in- 
filtration with the formation of germinal centers, sometimes so ex- 
tensive that it becomes difficult to identify the tissue as thyroid. 
The exact significance of this is not known; it appears to be a second- 
ary phenomenon, although many and frequent debates occur in the 
German literature concerning the relative importance of the adrenal 
and thyroid.» 414 The changes in the other endocrine glands are 
inconstant. Although vacuolar degeneration, disappearance of the 
cytoplasmic granules and diminution in the number of the basophile 
cells of the pituitary are reported,” serial sections showed a normal 
histology. 

Although no history of the classical symptoms of diarrhea was ob- 
tained in the present case, the fresh petechial hemorrhages, in addi- 
tion to the numerous macrophages heavily laden with old blood 
pigment seen in the tunica propria of the intestinal mucosa, offer 
presumptive evidence of intestinal involvement. 

The wearisome polemics in the literature concerning the relative 
importance of cortex and medulla in the pathogenesis of Addison’s 
disease need interest us no longer. It has become increasingly clear 
from reports such as the present one that, even though additional 
symptomatology may be associated with medullary changes, typical 
Addison’s disease can be produced by the destruction of the adrenal 
cortex alone. 

The numerous discussions of the etiology of adrenal “‘atrophy”’ are 
distinguished by a diversity of opinion as bewildering as it is uncon- 
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vincing. Syphilis, tuberculosis, congenital hypoplasia, “‘cytotoxins”’ 
circulating in the blood, chronic inflammation — all have been 
analyzed with thorough inconclusiveness. The present case, al- 
though isolated, offers at least suggestive evidence of a definite 
etiological factor. The selective involvement of specific cells asso- 
ciated with a disease process, the slow necrosis, hyperplasia and 
hypertrophy of these adrenal cortical cells, the apparently secondary 
inflammatory reaction and the relatively insignificant degree of 
fibrosis — all of these characteristics in addition to the finding of 
intranuclear inclusions offer presumptive evidence, at least, for 
another interpretation. 


SUMMARY AND CONCLUSIONS 


1. A case of “atrophy” of the adrenal glands in a 53 year old 
woman is reported. The apparently sudden onset after a slight 
trauma and the rapid clinical course are noteworthy. 

2. Intranuclear inclusion bodies were found in the cortical cells of 
the adrenal glands. Together with other characteristics noted, these 
may offer possibly another etiological interpretation. 
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DESCRIPTION OF PLATES 


PLATE 48 
Fic. 1. Thyroid gland showing lymph follicle formation. x 125. 
Fic. 2. Section of right adrenal showing complete absence of cortex. x 26. 
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PLATE 49 


Fic. 3. Section of left adrenal showing adenomatous-like areas of cortical 
hyperplasia. x 55. 


Fic. 4. Adrenal cortical cell; intranuclear inclusion with halo. x 1000. 


Fic. 5. Adrenal cortical cells; two intranuclear inclusions in basophilic mem- 
branes. xX 10co. 
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ADENO-ACANTHOMA SARCOMATODES OF THE 
MAMMARY GLAND * 


REPORT OF A CASE, WITH A CRITICAL REVIEW OF THE LITERATURE 
ON SQUAMOUS EPITHELIUM IN INTRAMAMMARY TUMORS 


JoserpH G. PAsTERNACK, M.D., AND JouN E. Wirta, M.D. 


(From the National Institute of Health, Washington, D. C., and the U. S. Marine 
Hospital, Seattle, Washington) 


Tumors of the mammary gland have been so thoroughly studied, 
classified and recorded as to leave little excuse for further pathologi- 
cal reports. However, after a critical review of the literature on 
histomorphologically malignant mixed tissue tumors of the breast it 
is believed that the case reported here is almost unique. 

Primary intramammary epidermoid carcinoma in which the 
epithelium had no demonstrable connection with the skin of the 
breast has been reported by Troell ! (2 cases), and Orth,” Ribbert * 
and Delbet and Mendaro,‘ 1 case each. 

Malignant degeneration of intramammary cholesteatomas was 
observed by Kaufmann,* Lecéne,® Konjetzny and Lahm® (1 case 
each). 

True intramammary adeno-acanthoma is very rare, only the 
single cases of Orth,? Brocq, Wolf and Giet,® and of Loeb,’° being 
on record. 

Kreibig ™ has reported 1 case that had a composite structure of 
adenocarcinoma, sarcoma and acanthoma. 

The case reported below presented such a composite structure 
with a preponderance of the acanthomatous element. 


REPORT OF CASE 


Clinical History: The patient, J. H. W., a white, unmarried, female nurse, 
60 years of age, was first admitted to the Marine Hospital, Seattle, Washington, 
on April 29, 1935, complaining of a tumor in the right breast. 

The past history revealed no serious illnesses since childhood. The patient 
had a normal menopause at the age of 46. In 1918, while nursing in France, 
she noted a small lump in the right breast, in approximately the same area as 
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the present one, which she says was present about a year. She forgot about 
this and did not remember the incident until one of her friends, a nurse who 
had seen the mass, reminded her of this fact during her present hospital ad- 
mission. 

She had been struck in the breast in January, 1935, and the following day 
noticed a small tumor in the upper outer quadrant of the right breast. The 
mass was about 3 by 3 cm. when she first noticed it, and the skin over it had a 
bluish color. It rapidly increased in size. On April 29, 1935, about an ounce of 
turbid, slightly blood-tinged fluid was aspirated from the mass and a biopsy 
was taken. 

Physical examination disclosed a fairly well developed and nourished white 
female of 60 years, in good general condition. Other than false upper teeth 
and poor lower teeth showing considerable dental caries and pyorrhea alveo- 
laris, the examination was negative except for the local condition in the breast. 

In the upper outer quadrant of the right breast was a rounded firm mass 
7 cm. in diameter, which was tightly adherent to the skin and to the breast tis- 
sue immediately under it, but apparently movable over the pectoral muscles. 
The skin covering the mass was red over an area 10 cm. in diameter. The re- 
mainder of the breast and the nipple appeared normal. There were no palpable 
axillary or supraclavicular nodes and there was no evidence of distant metas- 
tases. 

Following the report of the biopsy, a Halsted-Meyer type of radical mastec- 
tomy was done. The entire breast, both pectoral muscles, axillary contents and 
a wide area of skin surrounding the tumor in the upper outer quadrant of the 
breast were removed. It was possible to approximate the skin edges. 

The patient made an uneventful postoperative recovery. The major portion 
of the wound healed by primary union. Two months postoperatively she had 
gained 12 pounds in weight, appeared perfectly well and had no evidence of 
local or regional recurrences and no evidence of distant metastases. 


Biopsy Specimen: Infiltrating angular masses and branching 
strands of flat squamous epithelial cells were irregularly disposed in 
a diffuse fibrosing and fibroblastic stroma. Some islets showed in- 
tercellular prickles, some showed variable degrees of keratinization 
and occasionally cornified concentric cell nests were seen. No other 
elements were present. 

Mastectomy Specimen: The formalin-fixed specimen represented 
practically the whole mammary gland. The breast, laid open by 
an incision over the tumor, disclosed a roughly quadrangular, solid, 
hard grayish mass, 3 by 4 cm., which appeared to abut on the skin in 
several places and tapered off into the adipose tissue elsewhere. 
The surface was studded with many pin-point to pin-head sized, 
concentrically laminated, mother-of-pearl granules. In the base of 
the tumor a smooth-walled cyst 1 cm. in diameter was present. 
Embedded in the fat of the breast in the vicinity of the tumor were 
seen several smaller cysts. 
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HISTOLOGICAL EXAMINATION 


Sections of the whole tumor were prepared from three different 
areas, including the overlying skin and adjacent breast tissue. Nine 
sections were prepared from other portions of tumor, breast tissue 
and pectoral muscles. They were stained with Weigert’s iron chloride 
hematoxylin and Van Gieson’s picro-fuchsin, Mayer’s acid hemalum 
and eosin, a modification of the Romanowsky stain for the demon- 
stration of intercellular bridges, Gram’s stain for keratohyaline 
granules and Weigert’s resorcin-fuchsin for elastic fibrils. 

The skin of the breast was normal and separated from the tumor 
proper by a zone of dense acellular connective tissue 9 to 30 mm. in 
thickness. The tumor was not encapsulated but tapered off into 
the fibro-adipose tissue of the breast. 

The structure of the tumor varied, but it was predominantly an 
epidermoid carcinoma. All stages of keratinization were present, 
grading from diffusely infiltrating branching strands and cords of 
embryonal epithelial cells to completely cornified, concentric squa- 
mous cell masses. Small solitary and large confluent acanthomatous 
cysts filled with cornified pearls occurred throughout the specimen. 
These cysts were lined by keratinizing squamous epithelium, from 
the basal layers of which finger-like projections of variable size and 
thickness extended into the stroma. Cystic ducts and deep seated 
cysts in areas of the tumor were lined partly by cylindrical or cubical 
epithelium and partly by squamous epithelium or bulky cornifying 
masses that projected into the lumens. In these areas gradations 
of the cylindrical or cubical epithelium to squamous epithelium were 
occasionally encountered. Here the stroma was more or less scle- 
rosed and infiltrated by disorderly neoplastic acini lined by hyper- 
chromatic cubical epithelium. Here and there were small cysts more 
or less filled with papillary and tubular masses. In one area the wall 
of a cyst was perforated and the glandular growth infiltrated the 
adjacent tissues. 

The character of the stroma also varied. In the adenocarcinoma- 
tous portion of the tumor it consisted of ordinary fibrocellular or 
acellular sclerosing connective tissue. In the anaplastic epidermoid 
areas highly cellular fibroblastic connective tissue prevailed. Here 
the fibroblasts exhibited large hyperchromatic nuclei, occasionally 
multiple nuclei and less often mitosis. In some areas strands of 
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embryonal or anaplastic squamous tumor frayed out and often 
blended with the sarcomatous stroma, requiring careful study for 
differentiation. 

In areas in which the acanthomatous cysts had broken down and 
liberated degenerated cornified material the stroma was obviously 
of the granulation tissue type and was infiltrated by plasma cells 
and lymphocytes. Rarely it showed foreign body giant cell granulo- 
mas which occasionally contained cholesterin crystals. 

An axillary lymph node showed only sinus endothelial hyperplasia. 


DISCUSSION 


Occasionally, variable stretches of the cubical or columnar epithe- 
lium lining the ducts, clefts or cysts, are replaced by squamous 
epithelium in the large cystadenomatous tumors of the breast. 
This may show all of the characteristics of cutaneous epithelium. 

The majority of recorded observations of squamous epithelium in 
intramammary tumors have been reported as “cholesteatoma.” 
Miller ” was the first to describe cysto-sarcoma-phyllodes, and also 
the first to point out that these tumors might contain onion-like, 
concentric, epithelial pearly formations which he designated as 
“cholesteatoma.” 

There is much latitude in the employment of this term in the 
literature. In the present connection only those structures are in- 
cluded that are composed of, or contain, more or less concentrically 
laminated or degenerated, keratinized epithelial squames enclosed 
in a wall of stratified squamous epithelium. 

Among the 31 recorded observations 21 were reported associated 
with cysto-sarcoma-phyllodes. In the majority the cholesteatomas 
were macroscopically recognizable. They were generally solitary 
but sometimes occurred in large numbers. They were embedded in 
the connective tissue of the tumor as globular, pin-head to cherry 
sized formations, having a silvery or mother-of-pearl appearance. 
On section they often presented a laminated, onion-like configura- 
tion. 

Microscopically the lining epithelium showed variable degrees of 
stratification, keratinization and desquamation. In the cases of 
Konjetzny,’ and Haardt," papillae were formed. In 17 of the re- 
ported cases the epithelium exhibited intercellular prickles, kerato- 
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hyaline granules and cornification. Stoerk and Erdheim,™ and 
Konjetzny,’ found elastic fibrils in the stroma adjoining the cho- 
lesteatoma. Skin adnexa have not been observed. 

These epidermoid formations were first described by Cooper," 
Miller,” and Virchow.’* Subsequent reports may be found by 
Model,” Bauchet,!* Klob,!® Schmidt,?° Kirsteiner,2! Haeckel,” 
Grohé,” Wilms,“ Stumpf,” Beneke,* Stoerk and Erdheim,'* Coyne 
and Brandeis,” Kuru,”* Walther,?* DeBoucaud and Nadal,®° Prym,*! 
Konjetzny,’ Gorham,” Lahm,’ Bouchet and Martin,* Haardt,™ 
Turco,** Biebl,®> Kiickens,® Oliver and Major,” Kaufmann,* Rib- 
bert,? Deaver and McFarland,** Ewing,*® and Schultz-Brauns.*° 

Malignant degeneration of cholesteatomas has been reported by 
Kaufmann,’ Konjetzny,’ and Lahm.* The case of Lecéne ® probably 
belongs in this category also. 

Kaufmann? observed an epidermoid cyst as large as a hen’s egg 
in the breast of a woman, aged 45 years. It was deep in the breast 
and had degenerated to form an epidermoid carcinoma. There was 
also present a coincident carcinoma simplex. 

Konjetzny ’ described the case of a woman, aged 34 years, who 
discovered a movable tumor in her right breast during a pregnancy. 
The amputated breast disclosed a tumor 15 by 8 cm., which con- 
tained a fist sized cholesteatoma. The epidermoid wall of the cyst 
suffered malignant degeneration and gave rise to typical prickle cell 
and basal cell carcinoma, respectively. There was no demonstrable 
connection of the epidermoid elements with the skin of the breast. 

Lahm reported a cholesteatoma carcinomatosum in a nullipara, 
aged 34 years, who had noticed a growing nodule in the right breast 
for 13 years. It was encapsulated and easily enucleated. Cut section 
disclosed a large cyst filled with atheromatous mush, and multiple 
small cholesteatomas. Microscopically it was an intracanalicular 
fibro-adenoma containing multiple cholesteatomas lined by typical 
epidermoid epithelium. In areas the cylindrical epithelium of the 
ducts was replaced by squamous epithelium. Proliferations of 
squamous epithelium infiltrated the stroma of the tumor in many 
areas. The skin of the breast was free and intact. 

Lecéne’s® case probably represents a cholesteatoma that had 
progressed to advanced necrosis before malignant proliferation be- 
gan. The patient, a woman, aged 54 years, developed a hen’s egg 
sized tumor in the center of her breast in the course of 2 months. 
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The skin was intact and the nipple normal. The tumor presented a 
soft central mass and was enclosed in a tough capsule. Microscopi- 
cally the skin was normal and separated from the tumor by sub- 
cutaneous adipose tissue and the connective tissue capsule. The 
central necrotic mass was marginated by a ‘‘ genuine dermal papilla”’ 
covered by typical epidermis. Masses of malpighian epithelium 
were disseminated throughout the stroma and some of them showed 
typical epithelial tumor giant cells. The stroma of the tumor pre- 
sented a sarcomatous appearance of the epulis type. 

In another group of cases isolated foci of presumably benign 
squamous epithelium are reported in tumors of the breast. 

Stumpf’s ** case, a cysto-sarcoma-phyllodes, contained islets of 
squamous epithelium scattered in the stroma in the vicinity of ducts 
and cysts lined partly or completely by squamous epithelium. 
Stoerk and Erdheim ™ described scanty islets of squamous epithe- 
lium in a fibro-adenoma. In Herrenschmidt’s *! case the tumor was 
separated from the skin of the breast by a distinct band of connec- 
tive tissue. Its margin was formed of typical epidermis and its 
interior contained non-keratinizing squamous masses. Ewing * 
studied a case in which the glandular and squamous epithelium were 
about equally divided and transformation of one type into the other 
seemed obvious. The case of Johnson and Lawrence *? seems com- 
parable with Ewing’s. D’Allaines and Hiely “ reported a benign 
encapsulated fibro-adenoma in which strands of keratinizing prickle 
cell epithelium were disposed throughout the stroma. Pearl bodies 
were formed. Small collections of atypical squamous cells were also 
seen. The authors regarded this as a benign tumor because it was 
encapsulated. 

Pure intramammary squamous carcinoma having no demonstra- 
ble connection with the skin of the breast is rare. 

Between 1898 and 1907 Troell’ examined 185 cancers of the 
breast, among which there were 2 cases of squamous carcinoma. 
His first case, a woman, aged 57 years, had a cystic tumor one-half 
the size of a fist, situated beneath the skin. Microscopically the 
tumor was a typical acanthoma. The skin was normal and in no 
way related to the tumor. The second case showed a fist sized, 
sharply circumscribed tumor, which histologically was a squamous 
carcinoma having no demonstrable relation to the skin or its append- 
ages. Both cases represented deep seated primary growths. 
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Orth ? casually called attention to a primary acanthoma of the 
mammary gland which was later reported in detail by Calderara.*4 
A mammary gland the size of a fist contained in its depth a grayish 
white, hard streaked mass 10 by 3 cm. It was embedded in a thick 
layer of adipose tissue and did not infiltrate the underlying muscle. 
Microscopically the tumor was confined to the glandular portion of 
the breast. It presented a lobular structure of anastomosing solid 
strands and branches of squamous epithelium which infiltrated the 
connective tissue. The epithelium showed various grades of keratini- 
zation and pearl body formation. No metaplastic relationship with 
the glands could be demonstrated and there was no evidence of any 
connection with the milk ducts or the skin. 

Ribbert * described a tumor the size of an apple which infiltrated 
the tissue of the breast and showed hard and soft areas. The hard 
areas showed the structure of an adenoma infiltrated by epidermoid 
carcinoma. In one area cholesteatomatous cysts were present. The 
soft areas were decidedly polymorphous cell sarcoma which infiltrated 
the adenomatous portion of the tumor as well as the breast tissue. 

Busacchi and Miani * described 2 cases of pavement cell carci- 
noma of the breast. The histological features, both from the de- 
scriptions and the accompanying photograph, are not convincing. 

Many duct cancers of the breast, notably comedo carcinoma, 
present an alveolar structure, ducts distended with necrotic débris, 
a lining of large, flattened, atypical hyperchromatic cells showing 
more or less stratification and mutual deformation, resulting in a 
picture resembling pavement epithelium. These peculiar mechani- 
cal relations are but rarely mentioned in the literature, but that 
they not infrequently result in epithelial types which occasionally 
defy classification is the experience of every pathologist. 

Delbet and Mendaro ‘ very carefully studied the case of a woman, 
aged 62 years, who had a rapidly growing tumor that involved most 
of the left breast. The skin was intact; it showed no orange peel 
effect. The breast was amputated. Microscopically the tumor was a 
typical keratinizing prickle cell epithelioma. There were no grounds 
for assuming that the tumor was of cutaneous origin or metastatic. 
Ten years later the patient was alive and in good health. 

The cases of Nadal “ and of Costantini “’ probably belong in the 
same category as to their source of origin — namely from the larger 
milk ducts. 
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Nadal’s patient, a woman aged 80 years, presented a very large 
tumor that had invaded the entire mammary gland. In areas the 
tumor was an ordinary scirrhous carcinoma. In its greater part it 
was made up of thick plexiform epithelial cords in the midst of 
which extremely diffuse and irregular epidermoid involution was 
seen. Pearl bodies were rare. 

Costantini “’ reported the contemporary bilateral development of 
two distinct carcinomatous tumors in a woman aged 51 years. In 2 
months the tumor of the left breast grew to the size of a man’s fist. 
Microscopically the broad cords and branches of thickened epithe- 
lial cells involved extensive areas of the breast. Every gradation 
from neoplastic cylindrical epithelium to prickle cell epithelium con- 
taining keratohyaline granules and undergoing keratinization and 
pearl body formation was demonstrable. The tumor appeared to 
develop from the epithelium of the milk ducts. 

Tumors composed of mixed glandular and epidermoid carcinoma 
are often designated as adeno-acanthoma. 

Orth ? briefly called attention to another case which was reported 
in detail by Calderara.** The specimen, a breast the size of a child’s 
fist, showed a normal skin covering separated from the underlying 
tumor by a thick layer of adipose tissue. The tumor was about the 
size of a fifty-cent piece, 2 cm. thick, hard and grayish white. Micro- 
scopically it was an adenocarcinoma inseparably mixed with an 
acanthoma, with obvious transitions from cylindrical to squamous 
epithelium. The skin and underlying adipose tissue were normal. 

The case of Brocq, Wolf and Giet ° presented the clinical feature 
of subacute mastitis or carcinomatous mastitis. The patient, a 
woman aged 45 years, had a fluctuating temperature and an acutely 
inflamed right breast which excreted pus from the nipple. A firm 
movable mass raised the suspicion of a neoplasm, so the breast was 
amputated. The tumor was a mucus adenocarcinoma grading into 
squamous carcinoma. The axillary glands showed atypical non- 
colloid tumor. 

Loeb '° reported the case of a woman who developed a fist sized 
hard tumor in her right breast and had large glands in the same ax- 
illa. A biopsy disclosed an adenocarcinoma, whereupon a complete 
operation was done. The primary tumor was predominantly an 
adenocarcinoma showing all stages of transition to epidermoid 
carcinoma. The axillary nodes also showed adeno-acanthoma. 
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Kreibig’s " case is somewhat similar to ours. A large cystic 
tumor was removed from the left breast of a woman aged 52 
years. In the wall of the largest cyst a protruding nodular 
tumor was present. Prof. Stoerk examined the specimen histologi- 
cally, and made a diagnosis of tubular carcinoma arising in an intra- 
cystic papilloma and containing isolated islets of squamous epithe- 
lium. Fifteen months later the patient returned with a recurrence 
the size of a man’s fist. A complete operation was done. The his- 
tological examination disclosed a polymorphous cell sarcomatous 
stroma and areas of adenocarcinoma showing complex intracystic 
papillary formations. The cysts and spaces were lined partly by 
cylindrical epithelium and partly by large stretches of cornified 
squamous epithelium. Scattered throughout the stroma there were 
large and small, solid, concentrically stratified keratinizing masses 
of squamous epithelium. The axillary lymph nodes showed only 
adenocarcinoma. 

It thus appears that the sarcoma developed at a later date and 
that the epidermoid elements proliferated along with the adeno- 
carcinoma. 

Sarcoma may arise in the matrix of any tumor and a variety are 
reported in the mammary gland. Unfortunately, many of these are 
errors, authors having included rather cellular adenofibromas and 
cysto-sarcoma-phyllodes, which have no distinct malignant quali- 
ties but have reached a large size because of their long duration 
(Ewing,*® Lee and Pack,“ Kaufmann,’ and Schultz-Brauns*). How- 
ever, the cellular pseudosarcomatous areas occasionally become 
really sarcomatous (Prym,*! Gorham,” Haardt, Bouchet and Mar- 
tin,® Ribbert,2 Deaver and McFarland,* Ewing,®® and Schultz- 
Brauns “). Kreibig and Deaver and McFarland ** expressed the 
opinion that the great majority of mammary sarcomas are compli- 
cating. They may make their appearance months or years after the 
tumors have existed (Deaver and McFarland,** Kreibig," and 
Schultz-Brauns *°). In the case reported here it is believed that the 
sarcomatous process was secondary to the acanthoma. 


COMMENT 


The origin of squamous epithelium in intramammary tumors is of 
considerable pathological interest. The embryogenesis of the gland 
permits the very reasonable deduction that in its first anlage an 
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ectodermal bud is snared off and later develops. Among others, 
Schmidt,” Wilms,™ Ribbert,? Orth,? Stoerk and Erdheim™ and 
Konjetzny ’ subscribe to Conheim’s doctrine. This conception seems 
justifiable in a few of the cases in which deep seated tumors pre- 
sented an isolated focus of true skin (Lecéne,* Herrenschmidt,“! and 
Walther ”). 

The less formal genesis through metaplasia of the indigenous 
glandular epithelium is the more obvious explanation. Under patho- 
logical conditions the transformation of glandular to squamous 
epithelium has been demonstrated in tumors of the bronchi, gall- 
bladder, uterus, pancreas, stomach, rectum, prostate, and so on. 

This explanation appears more rational, for most of the cases 
showed columnar and squamous epithelium side by side, and fre- 
quently transitions from the one to the other were apparent. Other 
factors which seem to favor this explanation are the physiological 
ability of the epithelium of the larger ducts to undergo squamous 
metaplasia during pregnancy, and the frequency with which squa- 
mous changes in the glandular epithelium are seen in diffuse fibro- 
matosis and chronic cystic disease of the breast (Beneke,*® Kuru,” 
Deaver and McFarland,** Dietrich and Fragenheim,* Biebl,®° and 
Lee and Pack 

Adeno-acanthoma does not require a multicentric origin from 
glandular and squamous epithelium per se, nor does it require an 
original heterotopia of squamous cells, but simply the neoplasia of 
gland cell carcinoma. This is a frequent characteristic of uterine 
tumors (Kaufmann,* and Ewing *). 


SUMMARY 


An intramammary tumor having a mixed structure of acanthoma, 
adenocarcinoma and sarcoma, is reported. The tumor had no 
demonstrable connection with the skin of the breast. The liter- 
ature on squamous cell inclusions in intramammary tumors is 
reviewed. 


Note: To Major Raymond O. Dart, Curator, and to Mr. R. M. 
Reeve, photographer, of the Army Medical Museum, we wish to 
express our indebtedness for the photographs. 
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DESCRIPTION OF PLATES 


PLATE 50 


Fic. 1. Cysts filled with multiple pearl bodies (Army Medical Museum Acc. 
64107). X35. 
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PLATE 51 


Fic. 2. An ancathomatous formation in the wall of a small cystic duct (Army 
Medical Museum Acc. 64106). x 330. 
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